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LETTER OF TRANSMITTAL. 



Wab Depaetment, 
Washington, August £6, 1914. 
The Speaeeb of the House of Repbesentatives. 

Sm : I have the honor to transmit herewith a letter from the Acting 
Chief of Ordnance, United States Army, of this date, submitting, for 
transmission to Congress, as required By law, the report of the com- 
manding officer of Watertown Arsenal of "tests of iron and steel and 
other materials for industrial purposes" made at that arsenal during 
the fiscal year ended June 30, 1914. 
Very respectfully, 

LiNDLET M. GaBBISON, 

Secretary of War. 
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LETTER OF SUBMITTAL 



Wab Depabtmekt, 
Office of the Chief op Obdxakge, 

Washington, August £6, 1914. 
Prom: The Ordnance Office. 
To: The Secretary of War. 
Subject: Annual report, tests of iron, steel, etc., 1914. 

I submit herewith, for transmission to Co^ress, as required by- 
law, the report of the commanding officer of YV atertown Arsenal of 
''tests of iron and steel and other materials for industrial purposes" 
made at that arsenal during the fiscal year ended June 30, 1914. 

E. B. Babbitt, 
Colonel, Ordnance Department, 

Acting Chief of Ordnance. 



Watebtown Absexal, 
Watertown, Mass., August 17, 1914. 
From: Comman&ing Officer, Watertown Arsenal. 
To: Chief of Ordnance, United States Army, Washington, D. C. 
Subject: Annual report of ''tests of metaJs, etc.," for year ending 
June 30, 1914. 

1. The annual report of tests of iron, steel, and other materials 
made at this arsenal during the fiscal year ending June 30, 1914, is 
submitted herewith. 

2. The total number of specimens tested during the year was 3,192, 
classified as follows: 

For Ordnance Department 2, 552 

Other Government departments 71 

Private tests • 569 

Total 3,192 

The receipts and expenditures were as follows: 

Amount allotted for testing machine and testing work $14,950.00 

Received from private tests 839. 18 

Total received 15,789.18 

Amount expended for services and labor 11, 428. 51 

Amount expended for light, power, tools, implements, and material for 

test 4,360.67 

Total expended 15>789.18 

5 
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6 LETTEB OF SUBMITTAL. 

3. The equipment of the laboratory has been increased by the 
purchase of the following apparatus^ 

One Holbom-Kurlbaum optical pyrometer. 

One Charpy impact machme. 

One Weston laboratory standard millivoltmeter. 

One Weston laboratory standard milliammeter with shunt. 

4. The test to detenmne the relative wearing qualities of bronzes, 
referred to in the last report, has been continued during the year, 
and a report of the results is contained herein. 

5. The machine for testing bronze gears has been redesigned and 
the test of these gears is now being continued. 

6. Some interesting experiments were made in connection with 
the question of strength of shrapnel case material, and a number of 
tests have been made with tie tJharpy impact machine, principally 
for the purpose of calibrating it and determining its relative usefulness 
to the laboratory. 

7. Numerous physical tests and metallographic examinations 
have been made in connection with experiments pertaining, to the 
heat treatment of steels, and considerable time and study have been 
devoted to the subject of erosion of guns by Dr. Henry Fay. 

C. B. Wheeujb, 
Lieutenant Colonel, Ordnance Department. 
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HYDBOSTATIC TESTS OF 6-nrCH, S-IVCH, AVD 8.96-nrCH 

SHBAPVEL CASES. 

In order to determine the effect of streaks in shrapnel cases made 
from bar stock, the cases were subjected to hydraulic pressure m 
the testing machine imtil fracture occurred. The fixture used is 
shown in the sketch, page No. 13. ^ 

All cases were bored out until the inside diameter was uniform, 
thus making the thickness of wall constant and about 0.17 inch thick. 

Measurements were taken on the external diameters until a dan- 
gerous pressure was reached, after which cases were covered and load 
continued until fracture occurred. All cases were rough polished and 
etched with iodiae to develop the streaks. Photographs were taken 
both before and after testing. 

d-mCH CASES. 

Case A showed a line of fine streaks after etching. The case burst 
along these streaks and the interior of fracture also showed a number 
of bright slag streaks which did not appear on the surface. The 
metal appeared to be very brittle, fracture occurring in the peculiar 
manner shown in photograph. 

Case B developed no streaks on etching. Failure occurred at a 
spot which appeared to be a defect due to roUm?. 

Case C was apparently free from streaks. This case was turned 
down on the outside according to the original program. An exami- 
nation of the photographs of the other cases shows that the slag 
streaks are f oimd all through the metal and not only on the surface. 
In^-inch case H, slag streaks were foimd in the center of the base. 

Case D showed niunerous short streaks on etching. This was the 
worst of the four 6-inch cases tested, and also had the lowest strength. 
The fracture contained a number of bright slag streaks which were 
not apparent on the surface. 

2.05-INCH CASES. 

The streaks in case L were more pronounced than in K and the 
strength was lower. In both cases the fracture did not take place on 
a surface streak, but fracture showed larger and longer ones under the 
surface. 

^INCH CASES. 

Cases A, B, C, and D were made from forgings. A crack was 
f oimd in the wall of A, which rendered the hydrauUc test impossible. 
The other three were free from surface streaks and when fractured 
the metal appeared tough, with no internal streaks apparent. The 
fiber stress ran from 153,000 to 163,000 pounds per square inch. 

Cases G, H, I, and J were made from bar stock. All showed 
streaks except G. Case H was very bad, Unes running the entire 
12 
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14 SHRAPNEL CASES. 

length of body. Fracture occurred alou^ these lines. (See photo- 
graph.) This case had the greatest number of streaks and gave the 
K)west fiber stress 4)f the four. 

».INGfi KAVT BHBAPNEL. 

These cases ymre made from foldings and show an unusually high 
fiber stress. This ma^ be due to tm*ee reasons. First. The short 
length of the case, which gave a more rigid cylinder. Second. The 
fact that both fraxitures started at the band seat where the thickness 
of wall was a minimum. At this pomt the rotating band exerted a 
reinforcing eflFect which could not be nobeasured. Third. The reduced 
section was reinforced on both sides by thidcer metal. 

OOKCLUSIGMS. 

1. Streaks in shxapnd cases made of bar stock are an indication of 
weaJmess. 

2. Shrapnel cases made from forgings are stronger than those made 
from bar stock. 
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6-INCH SHRAPNEL CASE A MADE FROM BAR STOCK. P. O. 128 F. A. 
POLISHED AND ETCHED WITH IODINE. DARK LINES IN CENTER OF CASE 
ARE STREAKS. 
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6-INCH SHRAPNEL CASE A AFTER FRACTURE. CASE FAILED ALONG STREAKS. 
INTERIOR OF FRACTURE SHOWS BRIGHT STREAKS. BASE OF CASE SPLIT 
ENTIRELY ACROSS. 
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HTDBOSTATIC TESTS OF 6-INCH, 2.95-INCK, AND S-INCK 

CASEB. 

Marks on case, A 128. 

6-inch shrapnel case made at Frankf ord Arsenal from bar stoek. 

Outside diameter of case, 5.90 inches. 

Inside diameter of case, 5.56 inches. 

Bored to a length of 9.20 inches. 

Depth inside, 12.40 inches. 

Length over all, outside, 13.22 inches. 

Length from top to top of band groove, 10.60 inches. 

Diameter of piston, 5 mches. 

Sectional area, 19.63 square inches. 

Case entered testing cylinder l^ inches, leaving 7.70 inches iaogth 
of reduced thickness of walls exposed to the interior pressusas of the 
test. 

The case contained two longitudinal streaks. 



Applied loeds. 


Exterior 
diameter 
of case 
(inches). 


Bemma. 


Total 
pounds 

on 
piston. 


Interior 
preesure 
(pounds 


Fiber 
stress on 

case 

(pounds 

per square 



20,000 
40,000 
60,000 
80,000 
100,000 
120 000 
140,000 
160,000 
159,900 





16,660 
33,400 
60,100 
66,800 
83 400 
100,200 
116,500 
125,000 
133,100 


5.90 
5.92 
5.926 
5.93 
5.935 
5.94 
fi.96 
5.95 
5.955 


intimate strangth. 


1,019 
2,038 
3,057 
4,076 
5006 
&110 

8,145 





Fractured at one of the longitudinal streaks. 
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SHRAPNEL CASES. 



Marks on case, B 2307. 

6-inch shrapnel case made at Frankford Arsenal from bar stock. 

Outside diameter of case, 5.90 inches. 

Inside diameter of case, 5.56 inches. 

Bored to a length of 9.20 inches. 

Depth inside, 12.45 inches. 

Length over all outside, 13.25 inches. 

Length from top to top edse of band groove, 10.60 inches. 

Case entered testing cylincfer 1^ inches, leaving 7.70 inches length 
of reduced thickness of walls exposed to the ihterior pressures of the 
test. 

Diameter of piston, 5 inches. 

Sectional area, 19.63 square inches. 

Case had no streaks. 



Applied loads. 


Exterior 

diameter 

of case 

(indhes). 


BemarkB. 


Total 
pounds 

on 
piston. 


Interior 
pressure 

persauare 
inch). 


Fiber 
stress on 

case 
(poonds 



20,000 
40,000 
60 000 
80,000 
100,000 
120,000 
140,000 
150,000 
179,500 





16,700 
33,400 
50,100 
66,800 
83,400 
100,200 
116,500 
125,000 
149,700 


6.90 
5.92 
5.025 
5.025 
5.93 
5.935 
5.94 
5.945 
5.96 


Ultimate strength. 


1,019 
2,038 
3,057 
4,076 
5,095 
6,110 
7,130 
7,646 
9,145 
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6-INCH SHRAPNEL CASE B MADE FROM BAR STOCK. F. A. P. O. 2307. POL- 
ISHED AND ETCHED WITH IODINE. NO STREAKS VISIBLE. A FEW SLIGHT 
LAPS OR COLD SHUTS IN ONE SPOT, SHOWN SURROUNDED BY PENCIL 
WORK IN PICTURE. FRACTURE STARTED AT THIS POINT. 
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6-INCH SHRAPNEL CASE B AFTER FRACTURE. FRACTURE SHOWS NO EXTER- 
NAL OR INTERNAL STREAKS. 
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6-INCH SHRAPNEL CASE C. LOT 3-5352-13. FROM LOT THAT FAILED IN 
BALLISTIC TEST. OUTSIDE DIAMETER TURNED DOWN. POLISHED AND 
ETCHED WITH IODINE. NO STREAKS VISIBLE. 
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6-INCH SHRAPNEL CASE C AFTER FRACTURE. FRACTURE SHOWS NO INTERNAL 

STREAKS. 
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Marks on case, C Lot 3, 5352-13. 

6-inch shrapnel case. Belongs to lot 3 which failed in ballistic test* 

Exterior diameter of case turned to 5.32 inches. 

Interior diameter of case bored to 4.98 inches for a length of 9^ 
inches. 

Case entered testing cylinder 1^ inches, leaving 7i inches length 
of reduced thickness of walls exposed to the interior pressures of 
the test. 

Diameter of piston, 5 inches. 

Sectional area, 19.63 square inches. 



Applied UMids. 


Exterior 

diameter 

of case 

(inches). 


BemarkB. 


Total 
pounds 

on 
piston. 


Intflrior 
pressora 
(poimds 

^.3r 


Fiber 
stress on 

case 
(poimds 


66,000 
115,000 
160,000 
170,600 


6,860 
8,610 
9,150 


37,460 
49 600 
86,400 
126,800 
134,700 


6.34 
5.34 
6.36 


Elastic limit. 
Ultimate strength. 
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8HBAPNEL C3ASB8. 



Marks on case, D Lot 3, 6352-13. 

6-mch shrapnel case, lot 3, that failed on retest. 

Exterior diameter of case, 5.90 inches. 

Interior diameter ol case, 5.56 inches. 

Case entered testing cylinder 1^ inches, leaving 7.70 inches length 
of reduced thickness of walls exposed to the interior pressures of the 
t^t. 

Diameter of piston, 5 inches. 

Sectional area, 19.65 square inches. 



Applied loads. 


Exterior 

diameter 

of case 

(inches). 


BemarkB. 


Total 
poonds 

on 
piston. 


Interior 
pressure 
(poonds 


Fiber 
stress on 

case 
(pounds 



70,000 
86,000 

100,000 
115,000 
118,000 
122,000 
140,300 



3,560 
4330 
5400 
5800 
0,010 
0,215 
7;i50 



58,400 

n,ooo 

88,300 
06,000 
06,500 
101,800 
117,000 


5.00 
5.08 
5.08 


Elastic limiL 
Ultimate strengtli. 


5.04 
5.04 
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e-INCH SHRAPNEL CASE D. LOT 3-5352-13. FROM LOT THAT FAILED ON 
RETEST. POLISHED AND ETCHED WITH IODINE. SHOWS NUMEROUS 
SHORT STREAKS ON SURFACE. 
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6-INCH SHRAPNEL CASE D AFTER FRACTURE. FRACTURE SHOWS INTERNAL 

BRIGHT STREAKS. 
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3-INCH SHRAPNEL CASE A FROM FORGING UNDER F. A. P. O. NO. 1539 OF 
1912. POLISHED AND ETCHED WITH IODINE. SHOWS A VERY FEW SHORT 
SURFACE STREAKS AND ONE LONG QUENCHING CRACK WHICH PENE- 
TRATED THROUGH THE WALL. CASE WOULD NOT HOLD PRESSURE ON 
TEST. PICTURE SHOWS A DARK IRREGULAR SPOT WHICH HAS NO SIG- 
NIFICANCE. 
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SHRAPNEL CA8B8. 19 

Marks on case, A 124. 
3-inch shrapnel case made from torpng. 
Outside diameter of case, 2.970 inches. 
Inside diameter of case, 2.614 inches. 
Bored out for a length of 5.80 inches. 
Depth inside, 7 inches. 
Length over all, outside, 7.40 inches. 
Length from top to top edge of band groove, 6,65 inches. 
Entered testing cylinder, 1 inch. 
Diameter of piston, 2.62 inches. 
Sectional area, 5.39 square inches. 

Crack in case. Blew out water through crack when piessure was 
appUed. 
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SHSAPNEL CASES. 



Marks on case, B 121. 
3-incli shrapnel case made from foiling 
Outside diameter of case, 2.97 inches. 
Inside diameter of case, 2.63 inches. 
Length of threaded section at top (not threaded). 
Bored out for a depth of 5.50 inches. 
Depth inside, 7 inches. 
Length over all, outside, 7.40 inches. 
Length from top to top edge of band groove, 5.66 inches. 
Case entered testing cylinder 1 inch, leaving 4.50 inches length of 
reduced thickness of walls exposed to the interior pressure of the test. 
Diameter of piston, 2 .62 incnes. . 
Sectional area, 5.39 square inches. 
No streaks in case. 



AiypUed loads. 


Exterior 

diameter 

ofcaae 

(inches). 


RemarkB. 


Total 
pounds 

on 
piston. 


Interior 
pressure 
(pounds 


Fiber 
stress on 

case 

(pounds 

per square 

hicfi). 



3,000 
6,000 
10,000 
15,000 
20,000 
26,000 
30,000 
36,000 
40,000 
45,000 
50,000 
55,000 
60,000 
106,200 



556 

927 
1,854 
2,782 
3,710 
4,640 
5,670 
6490 
7,420 
8,350 
9,280 
10,200 
11,120 
20,070 



4,290 
7 150 
14,310 
21,480 
28,620 

43,000 
50,100 
57300 
64,500 
71,600 
78,800 
85,900 
155,300 


2.97 
2.VJ 
2.97 
2.VJ 
2.97 
2.VJ 
2.91 
2.VI 
2.VJ 
XV7 
2.97 
XV7 
2.OT 
ZV7 


intimate strength. 





No streaks in fracture. 
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3-INCH SHRAPNEL CASE B FROM FORGING UNDER F. A. P. O. NO. 2972 OF 
1913. POLISHED AND ETCHED WITH IODINE. NO STREAKS DEVELOPED. 
MOTTLED APPEARANCE DUE TO OVERETCHING. 

20-1 
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3-INCH SHRAPNEL CASE B AFTER FRACTURE. FRACTURE SHOWED NO INTER- 
NAL STREAKS. 
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3-INCH SHRAPNEL CASE C FROM FORGINGS UNDER F. A. P. O. NO. 3973 
OF 1913. POLISHED AND ETCHED WITH IODINE. SHOWS NO STREAKS. 
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i^ing, lot No. 124. 

•hes. 
:es. 

aches. 
*f band groove, 6.66 inches. 

•h. 
les. 
iiiches. 







Exterior 








diameter 
of case 


Remarks. 






(incbeB). 









2.963 






J90 


2.964 






150 


2.964 






.310 


2.964 






..480 


2.9645 






■>, 620 


2.965 






35,800 


2.966 






43,000 


2.966 






50,100 


2.967 






57,300 


2.9675 






64,500 


2.9685 






71,600 


2.970 






78,800 


2.970 






85,900 


2.970 






93,100 


2.970 




J 


100,100 


2.9705 




20 


107,500 


2.975 




-^40 


114,600 


2.988 




800 


153,500 




Ultimate straogtb. 







3 in fracture. 
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3-INCH SHRAPNEL CASE C AFTER FRACTURE. FRACTURE SHOWS NO STREAKS. 
CASE RUPTURED INTO THREE PIECES. 
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8HBAPNEL CASES. 

Marks on case, C. 

3-inch shrapnel case made from foiging, lot No. 124. 

Outside diameter of case, 2.962 inches. 

loside diameter of case, 2.623 inches. 

Bored out for length of 5.50 inches. 

Depth inside, 7 inches. 

Length over all, outside, 7.40 inches. 

Length from top to top ed^e of band groove, 5.65 inches. 

Entered testiii^ cylinder 1 mch. 

Diameter of piston, 2.62 inches. 

Sectional area, 5.39 square inches. 

No streaks in case. 



21 



Appltod loads. 


Exterior 

diameter 

of case 

(inches). 


Remarks. 


Total 
pounds 

on 
piston. 


Interior 
pressuro 
(poonds 


Fiber 
stress on 

case 
(pounds 




f'SS 
6,000 

10,000 

20,000 
25,000 
30,000 
35,000 
40,000 
46,000 
50,000 
56,000 
60,000 
66,000 
70,000 
75,000 
80,000 
107,200 



666 

«27 
1,854 
2782 
3,710 
41640 
6,570 
6490 
7,420 
8350 
280 
10,200 
11,120 
12,060 
12,980 
13,920 
14,840 
10,890 



4,290 
7,150 
14,310 
21480 
28,620 
35,800 
43,000 
50,100 
67,300 
64,500 
71 600 
78,800 
85 900 
93,100 
100,100 
107,500 
114,600 
153,500 


2.962 

2.964 

2.964 

2.964 

2.9645 

2.965 

2.966 

2.966 

2.967 

2.9676 

2.9685 

2.970 

2.970 

2.970 

2.970 

2.9705 

2.976 

2.988 


Ultimate streogtb. 





No streaks in fracture. 
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SHRAPNEL CASES. 



Marks on case, D. 

3-inch shrapnel case made from forgings, lot No. 122. 

Outside diameter of case, 2.97 inches. 

Inside diameter of case, 2.63 inches. 

Bored out for a len^h of 5.50 inches. 

Depth inside, 7 inches. 

Length over all, outside, 7.40 inches. 

Length from top to top edge of band groove, 5.66 inches. 

Entered testing cylinder, 1 inch. 

Diameter of piston, 2.62 inches. 

Sectional area, 5.39 square inches. 

No streaks in case. 



Appltod loads. 


Exterior 

diameter 

of case 

(inches). 


Remarlo. 


Total 
pounds 

on 
piston. 


Intarlor 
pressure 
(pounds 


Fiber 
stress on 

case 

(pounds 

per square 


10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50,000 
55,000 
60,000 
113,700 



656 

927 
1,854 
2,782 
3,710 
4,640 
5,570 

?:SS 

8,350 
9,280 
10,200 
11,120 
21,080 



4,290 
7,150 
14,310 
21480 
28,620 
35,800 
43,000 
50,100 
57,300 
64,500 
71,600 
78,800 
85,900 
163,000 


2.97 

2.97 

2.97 

2.975 

2.975 

2.975 

2.975 

2.975 

2.975 

2.975 

2.975 

2.975 

2.975 

2.970 


Ultimate stranKtb. 





No streaks in fracture. 



Digitized by 



GoogI( 



3-INCH SHRAPNEL CASE D FROM FORGINGS UNDER P. O. 3973 OF 1913. 
POLISHED AND ETCHED WITH IODINE. SHOWS NO SURFACE STREAKS. 
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3-INCH SHRAPNEL CASE D AFTER FRACTURE. FRACTURE SHOWS NO INTERNAL 

STREAKS. 
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3-INCH SHRAPNELCASE E FROM FORCINGS FOR NAVY DEPARTMENT. POLISHED 
AND ETCHED WITH IODINE. SHOWS NO SURFACE STREAKS. 



Digitized by 



GoogI( 



Digitized by 



GoogI( 




3-INCH SHRAPNEL CASE E AFTER FRACTURE. FRACTURE SHOWS NO INTERNAL 
STREAKS. FRACTURE STARTED AT BAND SEAT. 
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SHEAPKEL CASBS. 
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Marks on case, E 4 .^ . 

3-inch shrapnel case made from f orgings for the Nayy Department. 

Outside diameter of case, 2.960 inches. 

Inside diameter of case, 2.632 inches. 

Length of threaded section at top, 0.50 inch. 

Bored out for a length of 4.70 inches. 

Depth inside, 5.25 mches. 

Length over all, outside, 5.70 inches. 

Length from top to top edge of band groove, 3.60 inches. 

Case entered testing cylinder 1 inch, leaving 3.70 inches length of 
reduced thickness of walls exposed to the interior pfessure of the 
test. 

Diameter of piston, 2.62 inches. 

Sectional area, 5.39 square inches. 

Case showed no streaks. 



Applied loads. 


Exterior 

diameter 

of case 

(inches). 


Remarks. 


Total 
pounds 

on 
piston. 


Interior 
pressure 
(pounds 


Fiber 
stress on 

case 
(pounds 



3,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50, «» 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 




556 

027 

1,854 

2,782 

3,710 

4640 

5,570 

6,400 

7,420 

8,350 

280 

10,200 

11,120 

12,060 

12,080 

13,020 

15,000 




0,150 

15,230 

30,500 

45,800 

61,000 

76,300 

01,600 

106,800 

122,000 

137,300 

152,700 

167,800 

183,000 

108,300 

213,500 

220,000 

247,000 


2.060 


Tbese values oalcalated for thinnest section at 
hand seat 0.080 inch. Values prohabiy too 
liigh on aoooont of location of band seat and. 
proximity of internal and extsmalreinfGnlng 

Ultimate strsngth. 


2.0621 
2.0635 
2.0645 
2.0655 
2.066 
2.0676 
2.0685 
2.0602 
^2.070 
2.0706 
2.0725 
2.0735 
2.074 
2.075 
2.076 





Fractured at baild seat, where thickness of wall was reduced. 
No streaks. 
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SHBAPNEL CASES. 



Marks on %Bae, ^ ^ 44 * 

S-inch shrapnel case made from forcings for the Navy Department. 

Outside diaineter of case, 2.969 inches. 

Inside diameter of case, 2.635 inches. 

Length of threaded section at top, 0.50 inch. 

Bored out for a length of 4.70 inches. 

Depth inside, 5.25 mches. 

Length over all, outside, 5.73 inches. 

Length from top to top edge of band groove, 3.60 inches. 

Case entered testing cylmder 1 inch, leaving 3.70 inches length 
of reduced tUickness of walls exposed to the interior pressure of the 
test. 

Diameter of piston, 2.62 inches. 

Sectional area, 5.39 square inches. 

Case showed no streaks. 



AppUed loads. 


Exterior 

diameter 

of case 

(inches). 


Remarks. 


Total 
pounds 

on 
piston. 


Interior 

pressure 

(pounds 

per square 

inch). 


Fiber 
stress on 

case 
(pounds 


a 

3,000 

^ 5,000 

10,000 

20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
88,900 



626 

927 
1,854 
2,782 
3,710 
4 640 
5,570 
6,490 
7,420 
8,350 
9,2^ 
10,200 
11,120 
12,060 
12,980 
13,920 
16,670 




9,150 
15,230 
30,500 
45,800 
61,000 
76,300 
91,600 
106,800 
122,000 
137,300 
162,700 
167,800 
183,000 
198,300 
213,500 
229,000 
274,000 


2.950 

2.960 

2.9615 

2.9625 

2.9630 

2.9640 

2.9650 

2.9680 

2.971 

2.971 

2.973 

2.973 

2.974 

2.976 

2.980 

2.984 


Fracture at band seat where thickness of wall 
was reduced. Thickness of wall where frac- 
ture started, 0.080. Fracture showed no 
streaks. 

Ultimate strength. 
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3-INCH SHRAPNEL CASE F FROM FORGINGS FOR NAVY DEPARTMENT. POL- 
ISHED AND ETCHED WITH IODINE. SHOWS NO SURFACE STREAKS. 
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3-INCH SHRAPNEL CASE F AFTER FRACTURE. FRACTURE SHOWS NO INTERNAL 
STREAKS. FRACTURE STARTED AT BAND SEAT. 
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3-INCH SHRAPNEL CASE F AFTER FRACTURE. FRACTURE SHOWS NO INTERNAL 
STREAKS. FRACTURE STARTED AT BAND SEAT. 
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3-INCH SHRAPNEL CASE G MANUFACTURED AT FRANKFORD ARSENAL FROM 
BAR STOCK UNDER F. A. P. O. 1220. POLISHED AND ETCHED WITH IODINE. 
SHOWS NO SURFACE STREAKS. 
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3-INCH SHRAPNEL CASE G AFTER FRACTURE. FRACTURE SHOWS NO INTERNAL 
STREAKS. FRACTURE STARTED AT TOOL MARK. 
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UaxlfB on case, G 2-»1220-12. 

3-inch shrapnel case made at Frankford Anenal from bar stock* 
These cases are free from seams. 
Outside diameter of case, 2.973 inches. 
Inside diameter of case, 2.621 inches. 
Length of threaded section at top, 0.60 inch. 
Bored out for a lei^th of 5.53 inches. 
Depth inside, 7 inches. . 
Length over all, outside, 7.45 inches. 
Length from top to top edge of band groove, 6.63 inches. 
Case entered testing cylinder 1 inch, lesvin^ 4.63 inches length of 
reduced thickness of walls exposed to the intenor preasure of the test. 
Diameter of piston, 2.62 inches. 
Sectional area, 5.39 square inches. 



Applied loads. 


Exterior 

diameter 

of case 

(inches). 


! 


Total 


Intttior 


Fiber 
stress on 


1 

i 
Remarks. 


pofinds 
on 


pressure 
(pounds 


case 
(pounds 




piston. 


'^r 


per square 


• 













2.973 


^ 


3,000 


556 


4,140 


2.973 




6,000 


»27 


6,900 


2.974 




10,000 


1,854 


13 800 


2.975 




15,000 


2,782 


20,720 


2.9755 




20,000 


3,710 


27,640 


2.976 




25,000 


4,640 


34,550 


2.9765 




30,000 


5,570 


41,500 


2.9765 




35,000 
40,000 


64W 
7420 


48,350 
. 55,300 


2.977 
2.978 


mark made by gauging tooL 


45,000 


8360 


62,200 


2.979 




50,000 


9,280 


09,100 


2.980 




55,000 


10,200 


76,000 


2.980 




60,000 


11,120 


82,800 


2.981 




65,000 


12,060 


80,800 


2.982 




70,000 


12,980 


96,600 


2.963 




75,000 


13,920 


103,760 


2.985 




80 000 


14,840 


110,600 


2.967 




85,000 


15,760 


117,600 


2.996 




»7,400 


18,060 


134,400 




Ultimate strength. 
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SHBAPKEL CAffld. 



Marks on case.^H. 

3-inch shrapnel case made at Frankf ord Arsenal from bar stock. 
Case shows bad streaks throughout the entire length. 
Outside diameter of case, 2.965 inches. 
Inside diameter of case, 2.624 inches. 
Length of threaded'section at top. 0.50 inch. 
Bored out for a length of 5.50 incnes. 
Depth inside, 7 inches. 
Length over all, outside, 7.45 inches. 
Length from top to top ed^ of band groove, 5.65 inches. 
Case entered 
reduced 

Diameter of piston, 2.62 inches. 
Sectional area, 5.39 square inches. 



entered testing cylinder 1 inch, leaving 4.63 inches length of 
thickness of wal& exposed to the interior pressure of the test. 



Applied loads. 


Exterior 

diameter 

of case 

(inches). 


Remarks. 


Total 
poonds 

on 
piston. 


Interior 

pressure 

(pounds 

per square 

inch). 


Fiber 
stress on 

case 

(pounds 

per square 



3,000 
5,000 
10,000 
15,000 
20,000 
26,000 
30,000 
36,000 
40,000 
45,000 
50,000 
65,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 



656 
927 
1,864 
2,782 
3,710 
4,640 

6,490 
7,420 

9,280 
10,200 
11,120 
12,060 
12,980 
13,920 
14,840 
16,770 



4,290 
7,160 
14,310 
21,480 
28,620 
36,800 
43,000 
60,100 
67,300 
64,500 
71,600 
78,800 
86,900 
93,100 
100,100 
107,600 
114,600 
122,000 


2.966 

2.967 

2.968 

2.969 

2.969 

2.969 

2.971 

2.972 

2.9726 

2.973 

2.974 

2.974 

2.976 

2.975 

2.976 

2.»77 

2.9785 

2.9786 


Ultimate strength. 





Fracture showed internal and external streak. 
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^ mrw <^WRAPNEL CASE H MANUFACTURED AT FRANKFORD ARSENAL FROM 
RAR <^TOrK THIS STOCK SHOWED LINES AFTER MACHINING. POLISHED 
AND ETCHED WITH IODINE. A GREAT MANY DEEP STREAKS RUNNING 
ENTIRE LENGTH OF CASE VISIBLE. 
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3-INCH SHRAPNEL CASE H AFTER FRACTURE. FRACTURE OCCURRED AT 
SURFACE LINE OR STREAK AND SHOWED INTERNAL STREAKS ALSO. CASE 
SPLIT THROUGH BASE AND FRACTURE CONTINUED PART WAY UP OPPOSITE 
SIDE. 



26-2 
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3-INCH SHRAPNEL CASE I MANUFACTURED AT FRANKFORD ARSENAL FROM 
BAR STOCK FURNISHED ON F. A. P. O. NO. 1220. SAID TO BE WITHOUT SEAMS. 
POLISHED AND ETCHED WITH IODINE. SHOWED NUMEROUS SURFACE 
STREAKS BUT CASE WAS NOT NEARLY SO BADLY STREAKED AS CASE H. 
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3-INCH SHRAPNEL CASE I AFTER FRACTURE. FRACTURE OCCURRED AT 
SURFACE STREAK AND REVEALED INTERIOR STREAKS. 
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Marks on case, I 5-1220-12. 

34nch shrapnel case made at Frankf ord Arsenal from bar stock. 

Outside diameter of case, 2.966 inches. 

Inside diameter of case, 2.630 iDches. 

Length of threaded section at top. 0.60 inch. 

Bored out for a len^h of 5.62 incnes. 

Depth inside, 7 inches. 

Length over all, outside, 7.46 inches. 

Length from top to top edge of band eroove, 5.62 inches. 

Case entered testing cyHnaer 1 inch, jfearinj; 4.62 inches length of 

duced thickness of walls exposed to tne iutenor p 



reduced 
Diameter of piston, 2.62 inches. 
Sectional area, 5.39 square inches. 
Case was somewhat streaky. 



' pressure of the test. 



AnOtodiMMif.' 


Exterior 

diameter 

of case 

(inches). 


Hwnaita. 


Total 
pofunds 

on 
piston. 


Intflrior 
pressure 
(pounds 


Fiber 
stress on 

case 
(potmds 


10,000 
16^000 
20,000 

36,000 
40^000 
46,000 
60,000 
55,000 
60,000 
66,000 
70,000 
75,000 
80,000 
85,000 
80,800 



550 

027 
1,854 
2782 
3,710 
4,640 
5,570 
6,490 
7,420 

9,280 
10,200 
11,120 
12,060 
12,980 
13,920 
14,840 
.16,790 
16,660 



4,350 
7250 
14,500 
21,780 
29,060 
36,300 
43,600 
50,800 
58,100 
65,400 
72,600 
79,800 
87,000 
94,400 
101,600 
109,000 
116,100 
126,000 
130,300 


2. MO 

2. MO 

2.966 

2.9605 

2.967 

2.9675 

2.968 

2.9685 

2.969 

2.9696 

2.9705 

2.971 

2.9715 

2.9726 

2.973 

2.974 

2.9745 

2.976 


Fracture shows internal and external stnaks. 
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SHRAPNEL CASES. 



Marks on case, J. 

3-mch shrapnel case made at Frankford Arsenal from bar stock. 

Outside diameter of case, 2.973 inches. 

Inside diameter of case, 2.63 inches. 

Length of threaded section at top, 0.50 inch. 

Bored out for a length of 5.50 inches. 

Depth inside, 7.03 inches. 

Length over all, outside, 7.45 inches. 

Length from top to top edge of band groove, 5.68 inches. 

Case entered testing cylinder 1 inch, feaving 4.68 inches length of 
reduced thickness of walls exposed to the interior pressures of the 
test. 

Diameter of piston, 2.62 inches. 

Sectional area, 5.39 square inches. 

Case showed bad streaks. 



A]s>Ued loads. 


Exterior 

diameter 

of case 

(inches). 


Remarks. 


Total 

pounds 

on 


Interior 
pressure 

(pounds 


Fiber 
stress on 

case 
(pounds 


piston. 


per square 
incB). 


p^^s^uare 















2.973 




3,000 


666 


4,290 


2.974 




6,000 


927 


7,150 


2.974 




10,000 


1,864 


14,310 


2.974 




16,000 


2,782 


21,480 


2.9765 




20,000 


3,710 


28,620 


2.976 




25,000 


4,640 


36,800 


2.9766 




30,000 


6,570 


43,000 


2.978 




36,000 


6,490 


50,100 


2.9786 


1 


40,000 


7,420 


67,300 


2.979 




45,000 


8,360 


64,600 


2.9795 




50,000 


9,280 


71,600 


2.980 




65,000 


10,200 


78,800 


2.9806 




60,000 


11,120 


85,900 


2.981 




65,000 


12,060 


93,100 


2.982 




70,000 


12,980 


100,100 


2.9836 




75,000 


13,920 


107,600 


2.984 




80,000 


14,840 


114,600 


2.984 


• 


85,000 


. 16,790 


122,000 


2.986 




96,300 


17,860 


138,100 




Ultimate strength. 





Fracture showed external and internal streaks. 
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3-INCH SHRAPNEL CASE J MANUFACTURED AT FRANKFORD ARSENAL FROM 
BAR STOCK ON F. A. P. O. NO. 1220. MATERIAL SAID TO SHOW LINES 
SIMILAR TO H. POLISHED AND ETCHED WITH IODINE. SHOWS NUMER- 
OUS SURFACE STREAKS BUT NOT SO MANY AS CASE H. 

Sft-l 
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3-INCH SHRAPNEL CASE J AFTER FRACTURE. FRACTURE OCCURRED AT 
SURFACE STREAK AND SHOWS INTERNAL STREAKS. 
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2.95-INCH SHRAPNEL CASE K MANUFACTURED AT FRANKFORD ARSENAL 
FROM BAR STOCK. UNDER P. O. NO. 2731. POLISHED AND ETCHED WITH 
IODINE. NUMEROUS SHORT SURFACE STREAKS VISIBLE, SHOWN IN PIC- 
TURE SURROUNDED BY PENCIL MARKS. MOTTLED APPEARANCE OF CASE 
DUE TO OVERETCHING. 
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2.95-INCH SHRAPNEL CASE K AFTER FRACTURE. FRACTURE DID NOT OCCUR 
AT SURFACE STREAK, BUT REVEALED ALONG INTERNAL STREAK. CASE 
SPLIT THROUGH BASE. 
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SHRAPNEL GASES. 
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Marks on case, K 2731. 

2.95-mch shrapnel case made at Frankford Arsenal from bar stock. 

Outside diameter of case, 2.92 inches. 

Inside diameter of case, 2.63 inches. 

Length of threaded section at top, 0.50 inch. 

Bored out to a len^h of 5.50 inches. 

Depth inside, 6.80 mches. 

Length over all, outside, 7.14 inches. 

Length from top to top edge of band jgroove, 5.37 inches. 

Case entered testing cylinder 1 inch, kaving 4.50 inches length of 
reduced thickness of walls exposed to the interior pressures of the 
test. 

Diameter of the piston, 2.62 inches. 

Sectional area, 5.39 square inches. 

Case had streaks. 



Applied kMMb. 


Exterior 

diameter 

of case 

(inches). 


Remarks. 


Total 
pounds 

on 
piston. 


Interior 

pressore 

(pounds 

per square 


Fiber 
stress on 

case 
(pounds 



3,000 
6,000 
10,000 
16,000 
X,000 
25,000 
30,000 
35,000 
40,000 
45,000- 
60,000 
65,000 
00,000 
76,200 



666 

927 
1,864 
2,782 
3,710 
4,640 

S'5S 
6,490 

7 420 

8,350 

9,280 

10,200 

11,120 

13,950 



6,040 
8 400 
16,820 
25,240 
33,650 
42,100 
60,500 
68,900 
67,300 
75,700 
84,150 
92,600 
100,900 
.126,600 


2.92 

2.926 

2.93 

2.93 

2.936 

2.936 

2.935 

2.94 

2.94 

2.946 

2.946 

2.946 

2.945 

2.946 


Ultimate strength. 





Failed at an internal streak. 
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6HBAPNEL CASES. 



Marks on case, L 273 1 . 

2.95-mch shrapnel case made at Frankford Arsenal from bar stock. 
Outside diameter of case, 2.92 inches. 
Inside diameter of case, 2.62 inches. 
Length of threaded section at top, 0.50 inch. 
Bored out for a lenjgth of 5.50 inches. 
Depth inside, 6.80 mches. 
Length over all, outside, 7.15 inches. 
Length from top to top edge of band groove, 5.38 inches. 
Case entered testing cvlinaer 1 inch, leaving 4.50 inches length of 
reduced thickness of walls exposed to the interior pressure of the test. 
Diameter of piston, 2.62 inches. 
Sectional area, 5.39 square inches. 
Case contained longitudinal streaks. 





Exterior 

diameter 

of case 

(inches). 


Remarks. 


Total 
pounds 

on 
piston. 


Interior 
pressoTB 
(pounds 


Fiber 
stress on 

case 
(pounds 



3,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50,000 
55,000 
60,000 
72,900 



556 
927 
1,854 
2,782 
3.710 
4,640 
5,570 

7,420 
8,350 
9,280 
10,200 
11,120 
13,520 



4,850 
8,100 
16,200 
24,300 
32,400 
40,500 
48,650 
56,650 
64,800 
72,900 
81,000 
89,100 
97,100 
118,000 


2.92 

2.925 

2.925 

2.925 

2.925 

2.03 

2.03 

2.03 

2.98 

2.98 

2.035 

2.035 

2.94+ 

2.05 


Ultimate strength. 





Fractured at lonritudinal streak extending the entire length of the 
reduced section of the case. 
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2.95-INCH SHRAPNEL CASE L MANUFACTURED AT FRANKFORD ARSENAL 
FROM BAR STOCK. UNDER P. O. NO. 2731. POLISHED AND ETCHED WITH 
IODINE. CASE SHOWS A FEW SHORT BUT QUITE PRONOUNCED STREAKS. 
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2.95-INCH SHRAPNEL CASE L AFTER FRACTURE. FRACTURE DID NOT OCCUR 
AT SURFACE STREAK, BUT REVEALED SEVERAL INTERNAL STREAKS. 
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4.7-INCH SHRAPNEL CASE MANUFACTURED AT WATERTOWN ARSENAL 
FROM PURCHASED BAR STOCK. POLISHED AND ETCHED WITH 
IODINE. NO STREAKS VISIBLE. 



Sl-l 
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4.7-INCH SHRAPNEL CASE AFTER FRACTURE. CASE SHATTERED AS SHOWN. 
METAL STRONG AND SOMEWHAT BRITTLE. FRACTURES SHOWED NO 
INTERNAL STREAKS. 
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HYDBOSTATIO TXST OW A 4.7-INOH 8HBAPHXL OASS UAXVWAOmXD 
AT WATKBTOWN ABSXKAL IBOM BAB STOCK. 

It was coxisidered desirable to know how the cases made from bar 
stock, heat treated at this arsenal, compared with the results shown 
in the previous report. The fixtures used were exactly the same as 
before, except that the hydraulic cylinder was bushed to take the 
4.7-inch case. 

The maximum fiber stress was found to be 197,000 poimds per 
square inch, compared to 117,000 to 149,700 pounds per squaie 
inch for the 6-inch cases, and 122,000 to 163,000 lor the 3-inch case^. 

Before test the etched case showed no streaks or seams. The dark 
lines in the photograph are shadows due to light effect only. After 
testing the fracture was clean with no sign of streaks. Attention 
is called to the irregular shape of the tear as shown ia photograph. 
With badly streaked metal tne fracture usually occurs along an ele- 
ment and lollows the streak. . 

The report of physical test of the metal after heat treatment is 
attached. The required physical properties were obtained, except 
the elongation, which was 0.5 per cent low. 

This shrapnel case was made from bar stock, which analyzed as 
follows: 

C a 50 

Ni 3.50 

Si 27 

Mn 69 

S 026 

P ^ 024 

The bar as received was 10 inches in diameter and was forged 
down to 5 inches in diameter. A sample case was made and heat 
treated by oil quenching at 775® C. and annealed at 400° C. for 
one-half hour. A longitudinal specimen marked ''4 S. C." was taken 
from this sample case and gave the following physical qualities: 



BaqnJnd. 



l^lMtlotlttilt podnds. 

Tfiudte itrvngtb do.... 

$toPg»tiori..., porotDt 

Conti«ot|oQ ,.,,t.., do.. 



100,000 

135,000 

11.0 

25.0 



160,000 
178,000 

51.0 



The case tested bv hydraulic pressure was given exactly the same 
heat treatment as me sample case. 
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HYBBOSTATIO TXST OF A 4.7-INCH SHRAPNEL CASS KANUFACTUSEB 
AT WATESTOWN ABSENAL FROM BAB STOCK. 

Case showed no streaks. 

Outside diameter of case, 4.68 inches. 

Inside diameter of case, 4.28 inches. 

Bored out for a length of 9.90 inches. 

Depth inside, 12.50 mches. 

Length over all, outside, 13.05 inches. 

Length from top to top edce of band groove, 10.30 inches. 

Case entered testing cylinaer 1^ inches, leaving 8.40-inch length 
of reduced thickness of walls exposed to the interior pressure of the 
test. 

Diameter of piston, 5 inches. 

Sectional area, 19.63 square inches. 



AppUed loads. 


Exterior 

diameter 

case 

(inches). 


Remarks. 


Total 

pounds 

on piston. 


Interior 
pressure 
(pounds 


Fiber 
stress on 

case 
(pounds 




3,000 

5,000 

10,000 

20,000 

30,000 

40,000 

50,000 

60,000 

70,000 

80,000 

90,000 

100,000 

110,000 

120,000 

130,000 

140,000 

160,000 

362,000 




153 

255 

509 

1,019 

1,530 

2,038 

2,545 

3,060 

3,565 

4,075 

4,590 

5,090 

5,600 

6,115 

6,625 

7,130 

7,650 

18,400 




1,640 

2,720 

5,450 

10,900 

16,375 

21,800 

27,200 

32,750 

38,150 

43,600 

49,100 

54,500 

59,900 

65,500 

70,900 

76,200 

81,900 

197,000 


4.68 - 

4.681 

4.681 

4.6811 

4.6817 

4.6820 

4.6830 

4.6835 

4.6850 

4.6850 

4.6853 

4.6855 

4.6860 

4.6868 

4.6875 

4.6885 

4.6890 

4.6895 


• 

• 

Ultimate strength. 





Case flew into four fragmwts. No streftks visible m fractures. 
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SHOCK AND TKNSILS TX8TS OF SHSAPRU 0A8S lOBTAL. 

1. The following tests were made to obtain information as to the 
impact and tensiiB strengths of metal used in shrapnel cases. A. 
comparison is made of specimens taken from foiled bar stock and 
from cases which ^ were formed by^ punching. Comparison is also 
made of longitudinal and tangential specimens. 3y longitudinal 
and tangenticd is meant that the specimens were cut out respectively 
parallel and normal to the direction of forging. 

2. The pieces given below were shipped from Frankford Arsenal 
with the markings as shown: 

One piece of bar stock 7 inches long, 3^^ inches diameter, 
marked ''A." This piece is free from seams and cracks, 
and shrapnel cases .taken from it passed the ballistic test. 

One piece of bar stock 7 inches longand 2^ inches diameter, 
with visible seams, marked ^'B." The shrapnel cases from 
this bar failed in the ballistic test. 

Several pieces of 3-inch shrapnel cases that broke up in 
ballistic tests. These pieces were taken from bars which 
after machining showed fine lines or seams. 

Two shrapnel cases marked '' 2-1220-12 '^ and ''6-1220-12," 
respectively. These shrapnel cases are from lots 2 and 5, 
respectively, both of which failed in ballistic tests at this 
arsenal. 

Two shrapnel cases marked "Navy" rear of band. 

Table I. — Charpy impact tests. 



So. 



Sec- 
tional 
area 
(square 
inches.) 



Angle. 



Foot- 
pounds. 



Foot-pounds 

per 
square inch 
(average). 



BrineU 
hardness 

(average). 



Direction of 
specimen. 



Bar A (free from 
seams) , 

Bar B (seamy) 

Case No. 2-1220-12.. 

Navy case 

Case No. 6-1220-12.. 



0.0707 
.0721 
.0719 
.0721 
.0719 
.0055 
.0710 
.070 
.0689 
.0718 
.0711 
.0707 
.0723 
.0723 



150.0 
149.5 
147.6 
149.0 
149.0 
149.0 
149.5 
149.5 
153.0 
153.0 
162.0 
162.0 
149.0 
151.0 



4.00 
4.50 
6.60 
5.04 
5.04 
5.04 
4.50 
4.50 
1.15 
1.15 
2.10 
2.10 
5.04 
3.06 



56.6 
62.5 
91.8 
70.0 
70.1 
77.0 
63.4 
64.3 
16.7 
16.0 
29.5 
29.7 
60.7 
42.2 



•.6 
|«0.9 

68.7 

22.9 
56.9 



f 255 
269 
255 
255 
241 
269 
262 
241 
340 
340 
302 



302 Uys 
256 / ^^ 



321 



Longitudinal. 
Do. 

Tangential. 

Do. 
Do. 



All specimens 10 by 10 by 55 millimeters. 

3. From the above da,ta it is seen that bar B, which was marked 
^' seamy," gave a greater resistance to shock than bar A, which was 
free from seams. The cause of this apparently inconsistent result 
can not be explained. The Navy cases gave the least resistance to 
shock; the Brinell hardness figures 340 and 302 show that thej were 
the hardest cases of all. With the exception of case B, the resistance 
to shock varies inversely as the hardness. The fragments of 3-inch 
cases furnished were too small to obtain test pieces. These were 

6»136**— 15 3 
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polished, however, and the micrographs attached indicate that the 
Ime lines or seams referred to were slag streaks. (See Photographs 
Nos. 1 and 2.) 

4. In order to determine whether there was a variation in the speci- 
mens taken out lon^tudinaUy and tangentially, the following tests 
were made on bars A and B: 



Table II. 



Sped- 
men. 


Elastic 
limit. 


Tensile 
strength. 


Elon- 
eation 
mone 
inch. 


Cod. 
trao- 
ticmof 
area. 


(ft.lb8. 

per 
»Q.in.). 


BrineU 
hard- 
ness. 


Remarks. 


Method of taking 
specimen. 


AL.. 
AT.. 
BL.. 
BT.. 


lAm.ver 
M. m. 

re, 000 

79,000 
93,000 
90,500 


132,500 
123,000 
129,000 
121,500 


Pttet. 
23.0 

9.0 

30.0 

14.0 


Pad. 
51.9 

9.5 

51.9 

20.5 


281.5 
229.7 
245.9 
240.9 


290 
282 
2S5 
248 


No««o.. 


ParaUel to direction of 

rolling. 
Normal to direction of 

Parallel to direction of 

rolling. 
Normal to direction of 

rolling. 


Seamy 





Bar stock from Frankf ord Arsenal. 

Charpy impact specimens 10 by 10 by 60 millimeters. 

The results of the Charpy impact tests above can not be compared 
with those in Table I, because the span and depth of notch were dif- 
ferent. The results are comparable amon^ themselves, however. 
From the above table we see that the elastic limits are practically 
the same in each case, but all the other values are less for the tan- 
gential specimens, the^ contraction of area showing the greatest 
decrease. This would indicate that all test specimens for shrapnel 
cases should be taken tangentially if possible, as this is the direction 
in which the stresses are applied m service. 

5. In order to continue the investigation further, the following 
tests were made on the 6-inch, 3-inch, and 2.95-inch cases, which haa 
been tested hydrauhcally. 

Tablb III. — Physical test data on 6-inch shrapnel eases from hydrostatic tests. 



Shrapnel case. 


Specimen 
*No. 


Method of taking 
specimen. 


Elastic 
limit (lbs. 
persq.in.). 


TensUe 
strength 
(lbs per 
sq.in.). 


Elonga- 
tionin2 
inches. 


Contrac- 
tion of 
area. 


6-Inch. A 


AL6-1 
AL6-2 
AT 6-1 
AT 6-2 
BL6-1 
BL6-2 
BT6-1 
BT6-2 
CL6-1 
CL6-2 
CT6-1 
CT6-2 
DL6-1 
DL6-2 
DT6-1 
DT6-2 


Lon^tudinal^ 


Pounds. 
116,000 
121,600 
111,500 
106,000 
111,000 
106,500 
87,500 
87,500 
100,600 
97,000 
92,000 
95,500 
100,500 
98,600 
92,500 


Pounds. 
144,000 
150,500 
136,500 
137,000 
142,500 
138,500 
123,000 
121,500 
133,000 
130,500 
124,600 
127,000 
137,500 
139,600 
104,500 
49,500 


Percent. 

15.5 

14.5 

5.5 

7.0 

11.5 

17.0 

5.5 

5.0 

18.0 

.18.0 

13.0 

12.5 

17.5 

14.5 

2.0 

10 


Percent. 
40.3 
37.2 

9.5 
13.3 
34.0 
46.2* 

5.7* 

9.5 
67.2 
57.2 
27.4 
27.4 
57.2 
59.8 

1.8 




9-ini4i. B 


Tangential 


Longitudinal 

Tangwitial '.7" 


«-infih. 


...™?:r::..;:.:: 

Tiangentiai'.'. '!.*.'!! 


<Mik4«. p. 




Tangential 
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Table III. — Phyneal test data on 6-inch shrapnel oauBfrcm hydrostatic tuts — Continued. 



Shiapnel case. 



SpednunNo. 



Hydnulio 

test 
(banting). 



Charpy impact 
(ayerage). 



Brinell hardoMS 
(ayerage). 



(MndL A 
(MndL B. 
(MnduC. 
(MsduD. 



AL6-1 
AL6-2 
AT 6-1 
AT 6-2 
BL6-1 
BL6-2 
BT6-1 
BT6-2 
CL6-1 
C L6-2 
CT6-1 
CT6-2 
DL6-1 
DL6-2 
DT6-1 
DT6-2 



Ponndt 
persf.in. 

133,100 
149,700 
134,700 
117,000 



Ft.lbt. 

148.0 
196.0 
171.8 
262.7 
221.4 
179.1 
196.0 
186.6 
213.6 
162.9 
203.8 
264.6 
288.8 
171.8 
179.6 



Ft.Uf9. 
per sq. in, 

109.0 
183.9 
242.0 
187.5 
199.6 
183.8 
271.6 
176.7 




1 Broke at flaw. 

Table HE again shows tlmt the tangential specimens are lower 
in all their physical properties than the longitudinal, the greatest 
difference being in tne contraction of area. The results of the 
hydrauUc tests are shown in the third column of the lower part of 
the table. With the exception of case A, the impact strengths 
are consistently less for the tangential specimens. For cases B, C, 
and D the tangential impact strengths are 187.5; 183.3, and 175.7, 
while the hydrauHc bursting stresses were 149,700, 134,700, and 
117,000 pounds, respectively. The hardness nimibers for these 
three were practically the same. 

Table IV. — Charpy impact test data on S-inch and 2.9&4nch shrapnel cases from hydro* 

static test 



Shiapnel case. 



Specimen 



Ultimate 

strength 

(hydraulic 

test). 




Charpy impact 
(average). 



Brinell hardness 
(average). 



S-inch. A. 

3-inch. B. 

3-inch. C. 

3-inch. D. 

a-inch. E. 

3-inch. F. 
3-inch. O. 

3-inch. H. 

3-inch. I. 

3-indL J. 

2.d6-inch. 

2.054nch. 



Forged 

Forged 

Forged 

Forged 

Forged 

Forged 

Bar stock 

, Bar stock.... 

Bar stock 

Bar stock 

K. Bar stock. 

L. Bar stock. 




310 
340 
293 
293 
321 
321 
311 
332 
321 
286 
321 
2S5 
255 



277 
286 
302 
302 
256 
260 
255 
262 



340 



321 
321 



303 
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36 SHBAPNEL GASES. 

All specimens in Table IV were taken from the bases of the frac- 
tured 3-inch and 2.95-inch cases. Therefore they are for all practical 
purposes tangential specimens. 

With the exception of 3-inch case I, all cases made from bar stock 
have a lower impact strength than those made from foldings; this 
in spite of the fact that the forged cases average harder than those 
from bar stock. It has been found that, other things bdng equal, 
the harder the metal the less is its resistance to shock. 

CONCLUSIONS. 

1. Specimens for test should be taken in the direction in which the 
service stress is applied, viz, tangentially. 

2. The shock test is not as sensitive as the tensile test. 

3. Shrapnel cases made from bar stock are inferior to those made 
from ''forgings." 

HARDNESS AND WASPAGE OF SHRAPNEL CASE METAL. 

Ei^ht experimental 4.7-inch shrapnel cases were made from a 

fmrcnased bar, 5-inch diameter. The chemical composition was as 
ollows: 

Per cent. 

C 0.50 

Ni 3.60 

Si 27 

S 026 

P 024 

Mn 69 

This material after annealing at 775° C. for four hours gave the 
following physical test: 

Elastic limit 62, 600 Ibe. per sq. in. 

Tensile strength 100, 000 lbs. per sq. in. 

Elongation 22. 5 per cent. 

Contraction 40. 3 per cent. 

BrineU hardness number 187 

After rough machining the cases were heated to a temperature of 
775° C, held for a period of two hours, and quenched completely in 
cottonseed oil. Five cases were then subjected to the Brinell test for 
hardness, and certain measurements were made to determine degree 
of warping due to quenching. 

Table marked ''No. 1'' gives data regarding measurements before 
and after quenching. Table marked /'No. 2 " gives hardness numbers 
after quenching. The hardness numbers indicated the metal would 
be too hard to machine. 

Cases were then drawn at 300° C. for a period of 30 minutes. The 
hardness number taken after this treatment indicated that the 
material was too hard for machining. 

Cases were then drawn at 400° C. for a period of 30 minutes. A 
physical test was taken from wall of case marked ''No. 4" and 
subjected to test. Result as follows: 

Mark, 4 S C. 

Elastic limit 160, 000 lbs. persq. in. 

Tensile strength 178, 000 lbs. persq. in. 

Elongaticnr..... .. : : . ... . . . r;. . . : : . : . . 10. 5 per cent. 

Contraction 51. per cent. 



Digitized by 



GoogI( 



SHKAPNEL OASES. 



87 



The hardness numbers of the material after this anaeal were as 
follows: 



Cue 
No. 


UnBtrasMnt. 


Dlstanoes from h^ (incbes). 


0.70 


2.70 


4.70 


6.70 


8.70 


10.70 


12.70 


4 


BaU 


430 
70 


418 
68 


418 
67 


418 
65 


418 
66 


387 
62 


364 
60 


Shoro. ~*^ 





Cases were measured after this final treatment and table marked 
*'No. 3" gives the measurements. 

Table No. 1. — Five shrapnel oases before heat treatment <md after oil hart^ 



Case 

No. 


OatBfde diameters. 


iDflide 
diameters 

i inch 
from top. 


Length St 

ogive on 

top. 


1 
2 
3 

4 
5 


ToD 


4.781 

iJ^ 

4.783 
4.783 
4.786 

4.762 

4.767 

4.7625 

4.786 

4.7625 

4.763 

4.7645 

4.766 

4.764 

4.768 

4.764 

4.766 

4.7645 

4.7666 

4.7505 

tl^ 

4.763 
4.751 
4.7666 


4.7825 

4.781 

4.781 

4.7835 
4.7816 

4.7515 
4.763 

4.7525 

4-749 

4.7635 
4.7666 

4.7645 
4.766 

4.763 
^.767 

4.7635 
4.7636 

4.7495 
4.7636 

4.7495 
4.761 


3.188 
3.190 

3.188 
3.190 

3.312 
3.310 

3.313 
3.316 

3.195 

3.1976 

3.195 

3.197 

3.192 
3.194 

3.193 
- 3.196 

3.312 
3.316 

3.313 
3.317 


12.228 
13.280? 

12.2025 
13.2118 

12.186 
13.m 

12.197 

i3.t09 
I It. 199 

13. tig 


Center 


Bottom 


Top 


Center 


Bottom 


Top. 

Center 


Bottom 


Top. 


Center. 




ToD...... . ... 


Center 


Bottom 





1 Block vernier end of jaw. 



Readings old 6-inch verniers. 

Beadings in italics were taken after hardening. 
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Table No. 2. — Hardni99 numben q/'-f-T^tncA WaUrtoum Anenal Mhrapnd eate$. 



Case 
No. 


• 
liBitnmMnt 


Diataiioai Itom b«e (indMB). 


aro 


2.70 


4.70 


6.70 


8.70 


laTO 


1Z70 


1 
2 
3 

4 
5 


Ban. 


477 
80 

400 
76 

400 
72 

444 

TO 

444 

73 


477 
80 

477 
77 

477 
70 

444 

71 

444 

73 


477 
80 

477 
70 

477 
70 

430 

71 

444 

72 


477 
80 

477 
70 

477 
72 

430 

TO 

.444 

TO 


477 
7» 

400 
75 

400 
71 

418 
60 

430 
64 


477 
76 

430 
71 

477 
71 

387 
65 

418 
64 


444 

76 

418 
65 

444 

67 

875 
50 

387 
60 


flhoro. 


Ban. 


flhnn....... 


null . 


Bhon...... 


Ban...: 


Bhon . . . . 


Ban. 


Shore 





Table No. 3. — Measurements on 5 durapnel cases Ufore and (jfUr heat treatment. 



(1) 



(2) 



(3) 



(4) 



(5) 



Diftorenoesfrom fiiBt 



First 
treat- 
ment. 



SeoGfDd 
treat- 
ment. 



Fiirt 
treat- 
ment. 



Second 
treat- 



First 
treat- 



Seoond 
treat- 



First 
treat- 



SecGod 
treat- 
ment. 



First 
treat- 



Second 
treat- 
ment. 



Outside di- 
ameters: 

At top 

At center 

At bottom... 
00* to above: 

At top 

At bottom... 

Inside diameter 

at top 

Length 



+0.002 
001 
+ .002 



+0. 0025 +a 002 
+ .007 
+ .004 



^':u 



- .0015- .0015 



- .002 

+ .002 
+ .002 
+ .032 



C) 

+ .003 
+ .006 
+ .03 



— .002 
+ .003 



+aooi 

+ .002 
+ .0025 

+ .0015 



+aoo4i 

+ .0005 

+ .0005 

— .002 



-i-aoo4 

- .0015+ .001 
+ .001 



-|-aOQ2 

- .OOli 

- .0015 



-a 001 

+ .0027 
+ .0045 + 



-a 0015 

+ .0017 
002 



+ .0005+ .004 



- .0035+. 0015- .0005 



0) 



+ .004 



+ .0035 



+ .0015- .0005 



- .002 + 
+ . 
+ .009 



007 
+ .003 
+ .009 



0025+ .0005+. 002 

— + .002 

+ .012 



+ . 

+ .002 
022 



+ .007 
+ .016 



+ .004 
+ .004 
+ .013 



+ .006 
+ .004 
+ .0115 



1 Original diameter. 

No warping or springing (in length) of any of these cases in either 
treatment. 



Digitized by 



GoogI( 



Digitized by LjOOQIC 



< 

o 

I 



I5 

liJ . 
Z UJ 

OO 

< li. 

Q Z 

•:q 

(J u 
UJ *r> 



I 



< 



q: 

O 

I 

o 



< 

Q 

UJ 

_i 
< 

UJ 

z 
z 
< 



Digitized by 



GoogI( 



SHRAPNEL CASES. 89 

TEST or STEEL FOB EZPEBDCENTAL SHEAPHBIi CASE. 

An ingot of steel of the following composition — 

ForoeDt. 

C a456 

Mn 532 

Si 167 

8 037 

P 016 

Ni 3.60 

Cr 1.60 

was cast in a 6-inch A. P. chill mold, then forced down to 4 inches 
diameter. Samples of this steel 0.7 inch thick were sent to the 
laboratory for heat treatment. 

The heating and cooling curve shows the critical points to be Ac^, 
725° C. and Ar^, 405° C. 

The following results show the effect of heat treatment: 



Specimen 


Elastic 
limit. 


Tensile 
strength. 


Elon- 
gation. 

In2 
inches. 


Con- 
trac- 
tion 
of area. 


Ball 
hard- 


Heat treatmnt. 




SCXF-2 

SCXF-2 

SCXF-2 
SCXF-2 
SCXF-4 
SCXF-6 
SCXF-6 
8CXF-7 


132,000 
66,600 
66,600 
74,000 

134,800 


0) 
158,000 
123,200 
121,000 
131,000 
167,100 


Per a. 
20.6 
0) 

(0 

6.5 

21.5 

16.0 

15.5 

12.5 


Per a, 
54.6 
0) 

0) 

25.0 

54.5 

34.0 

50.0 

50.0 


228 
555 

444 

332 

0) 

(•) 
241 
302 


Annealed at 775* C. for 2 hours. 
Air chUled at 775* C. after holding 

for H hours. 
Drawn at 430* C. one-half hoar; 

coded in furnace. 
Drawn at 550* C. one-half hoar; 

cooled in furnace. 
LoDgitudhial test after anneaUng 2 

hours at 775* C. 
Tangential test after annealing 2 

hours at 775* C. 
Air chilled at 775* C: drawn at 600* C. 

one-half hour; cooled in furnace. 
Air chilled at 775* C; drawn one-half 

hour at 550*C.; cooled in furnace. 



1 Too hard to machhie. 



>Not 



The specifications call for the following physical properties: 

Elastic limit 100, 000 lbs. persq.in. 

Tensile strength 135, 000 lbs. persq. inr. 

E longation 11.0 per cent. 

Contraction 25. per cent. 

Attention is called to the fact that all experimental pieces were 
about the same thickness as the rough finish of the walls of the 4.7-inch 
shrapnel case, viz, 0.7 inch. 

A comparison of specimens taken longitudinally and tangentially 
seems to mdicate that the same ductihty can notte obtained across 
thesrain as along the grain. 

The micrographs show the annealed condition of the metal and 
the structure after drawing at 550® C. 
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BEPOBT OF TEST OF BESISTAITCE OF BOTATIVG BANDS IV 
12-IVCH HOBTAB. MODEL OF 1912. 

In order to determine the resistance of several types of rotating 
bands, thiB following experiments were made: 

A 12-inch mortar, model of 1912 (drawing 62-10-1), was placed 
between the screws of the 800,000-pomid Emery testing machine. 
Projectiles with different types of bands were forced through the 
bore of the gmi, and the pressure required was weighed on the ma- 
chine. 

ABBANOEMBNT OF APPABATTJS. 

Two general views of the complete arrangem^it are shown in 
photographs Nos. 1 and 2. Photograph No. 1 was taken from the 
strainmg end of the machine, photograph No. 2 from the weighing 
end. 

The bands were placed on regular 12-inch 700-pound D. P. pro- 

t'ectiles. The ogive of each sheJl was cut off just forward of the 
>ourrelet. The base of the projectile was solid except for a central 
hole 2 inches in diameter used for centering the forcing bars, which 
were 9 inches in diameter by 7 feet long. During a test three of these 
were used end to end connected by means of two bronze collars, 
which also centered them in the bore. These bars are shown in 
photographs Nos. 1 and 3. 

A large roller bearing (see photograph No. 3) was inserted between 
the forcing bar and the straining head to take care of the turning 
of the bar and projectile caused by the rifling. The gun itself was 
mounted on steel rollers to allow of longitudinal motion (see photo- 
graph No. 4). The force required to start the gun moving was found 
to be 400 pounds, which was negligible in comparison with the loads 
measured. 

Between the muzzle of the gun and the weighing head of the 
testing machine a hollow cyluKuical collar was inserted (see photo- 

fraph No. 5). This transmitted the load from the gun to the weighing 
ead and allowed the removal of the projectile after emerging from 
the bore. 

In starting a test the force was applied very slowly, so that the 
beginning of the load-distance curve could be accurately plotted. 
Data, photographs, and curves are appended. 

DESCBIFHON OF TEST. 

Three different kinds of bands were tested, viz, the old IJ-inch 
split band shown on drawing 75-12-1, April 29, 1907, the 2-inch 
band shown on drawing 75-12-24, and the IJ-inch band shown on 
drawing 75-12-1, current date. The broad bands were not tested, 
as the force required would have exceeded the capacity of the testing 
machine. 
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PHOTOGRAPH NO. 1. VIEW OF SET-UP FROM STRAINING END, 
SHOWING FORCING BAR IN PLACE, REMOVABLE COLLAR IN PLACE 
AT WEIGHING HEAD, AND STEEL ROLLERS UNDER GUN. 



PHOTOGRAPH NO. 2. VIEW OF SET-UP FROM WEIGHING END. 
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PHOTOGRAPH NO. 3. VIEW OF BREECH END, SHOWING CONNECTION 
BETWEEN STRAIN HEAD AND FORCING BAR. 



PHOTOGRAPH NO. 4. VIEW SHOWING MIDDLE SECTION OF GUN AND 
STEEL ROLLERS UNDER SAME. 
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PHOTOGRAPH NO. 5. VIEW OF MUZZLE END, SHOWING WEIGHING 
HEAD AND REMOVABLE COLLAR. 
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The regular l^-inch continuous band was first forced through the 
elean gun and gave a maximum pressure of 600^000 potmds, with an 
average pressure of about 350.000 pounds for the last part of the 
travel. The second band was tne same as the first, but tne gun was 
dry and the lands were fouled with a copper deposit from the first 
test. The pressures obtained were much higher, probably due to 
this fouling, the maximum being 672,000 pounds, and the average 
450,000 pounds. 

The gun was then cleaned with wire and bristle brushes to remove 
tlie copper deposit and the bore was lubricated with Keystone grease 
for the first half of its iength. With the bore clean and lubricated, 
th.e first 2-uich band was forced through, giving a maximum pressure 
of 650,000 pounds, with an average of about 450,000 pounds. A 
similar band (No. 5) was forced through the gun after cleaning with 
a bristle brush only. This did not remove the copper deposit from 
th.e lands, and the pressures obtained — ^maximum 765,000 pounds, 
average 550,000 pounds — ^were considerably higher than with band 
No. 3. 

Band No. 4 was a pure copper spht band of the old type. This was 
hammered cold into its seat on the projectile. The scleroscope read- 
ing (15-16) is slightly higher than for tne other bands. The gun was 
cleaned with a bristle brush and the pressures obtained were, maxi- 
mum 675,000, average 450jOOO to 500,000. Band No. 6 was of pure 
copper similar to No. 4. The gun was cleaned with both wire and 
bristle brushes, but the accumulation of copper on the lands could 
not be entirely removed. The pressures obtained — ^maximum 690,000, 
average 550,000 — ^were slightly higher than with band No. 4, prob- 
ably due to the copper deposit. 

Summary, 



Type of band. 


Chemical 
analysis. 


Method of 
cleaning. 


Lubricated 
or not. 


Scleroscope 
hardness. 


Pressure (pounds). 


Be- 
fore 
test. 


After 
test. 


Maxt 

mum. 


Average. 


l}-inch circa- 
lar band 
No.l. 

li-inch drcu- 
lar band 
No. 2. 

2-inch cinni- 
lar band 
No. 3. 

2-inch circu- 
lar band 
No. 6. 


.Cu., 97.30; Nl., 
2.^; Mn., 
0.21. 

Same as No.l. 

On., 97.27: Ni., 
2.48: rfn., 
0.21. 

Same as No. 3. 

Cu., 99.7; Nl., 
none; Mn., 
none; iron, 
0.16. 

do 


New, clean 
gun. 

Bore was 
fouled from 
preyious 

aeaned with 

bristl e 
brushes. 

aeaned with 
bristle 
brush only. 

do 

Cleaned with 
wire and 
bristle 
brushes. 


Practically 
dean; some 
crease in 
bottom f 
grooves. 

Bore dry 

Bore was 
sUghtiy lu- 
bricated 
one-half its 
length. 

Bore was lu- 
brioated 
with Key- 
stone grease 
full length. 
do 

do. 


14 

14 
12 

12 

15 
16 


19 

19 
17 

19 

18 
17 


499,000 

672,000 
650,000 

770,000 

675,000 
600,000 


350,000 

450,000 
450,000 

560,000 

500,000 
550,000 
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BSSISTAKOE OF BOTATINQ BANDS. 



By comparing the results in the above table we find that the 
condition of the bore of the ^un has a marked effect on the band re- 
sistance. Copper deposited in the bore increases the pressure to a 
considerable extent. If we compare bands Nos. 1,3, and 6, the gun 
being cleaned in each case before the band was tested, we see that 
the averi^e presaures were 350,000, 450,000, and 650,000, while the 
maximum pressures were 500,000, 650,000, and 690,000 pounds, 
respectively; that is, the resistance increases with the width of band 
and with the amoimt of cold working. Lubricating the bore ap- 
peared to have no effect, as the band fitted the rifling so tightly that 
the grease was forced ahead. 

In all tests except the first the projectile bumped more or less while 

Sassing through the bore. This bumping was very marked on bands 
[os. 2, 4, and 5, probably due to the copper deposit on lands. Clean- 
iQg with a wire brush to remove this deposit decreased the bumping 
considerably. 

CONCLUSIONS. 

1. The resistance of the band increases with the width and with 
the amoimt of cold working. 

2. Copper deposited in the bore iucreases the resistance to a 
considerable extent. 

3. Lubricating the bore has no apparent effect. 

PBOJECTILE NO. 1. 

li-INCH CIRCULAR BAND, AS SHOWN ON DRAWING 75-12-1. 

Shore hardness before test, 14. 
Shore hardness after test, 19. 

Chemical analysis of hand. 

Peroont. 

Cu 97.30 

Ni 2.43 

Mn 21 

Appearance of projectile and band after test: Extrusion or lacing 
of band very regular ; bourrelet badly scratched in one place. 

Diameter at bottom of grooves iu band = diameter across lands 
in gun. First diameter, 12.012 iuches; second diameter at right 
angles, 12.017 inches. 

Bemarks: Gim cleaned with bore sponge and bristle brush: 
some ^ease remained in bottom of grooves; projectile traversed 
bore without any bumpiog. 

Projectile No, i, li-inch circular hand. 



Distance along bore 
(inches). 


(pounds). 


Elapsed time. 


Time 
interval 
(seconds). 


Velocity 

(inches MT 

minute). 













0.1 


53,000 
86,000 
109,000 
142,000 
171,000 
206,000 


.15 


.2 


.26 


.3 


.35 
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PROJECTILE NO. 1, AFTER TEST; U-INCH CIRCULAR BAND. 

'holograph shows uniform extrusion or "lacing" at rear edge of rotating band. Note that at 
the forward edge of the band the metal only fills the grooves completely on the driving side. 
Bad scratches on bourrelet and band indicate a rough spot on the rifling. 
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Dlstanoe along han 
(inches). 



0.4... 

.45.. 

.6.. 

.56. 

.6... 

.65.. 

.7.. 

.76. 

.8.. 

.86. 

.9.. 

.95. 

1 

1.1.. 

1.2.. 

1.25. 

1.3.. 

1.4.. 

1.6.. 

1.6-. 

1.7.. 

1.8.. 

1.9.. 

2.... 

2.1.. 

2.3.. 

2.5.. 

2.7.. 

3.... 

3.5.. 

4 

4.5.. 

5..-. 

5.5.. 

6.... 

6.5.. 

7.... 

7.5.. 

8.... 

8.6-. 

9 

9.5.. 
10.... 
10.5.. 

11 

11.5.. 
12.... 
12.5.. 

13 

13.5.. 
14.... 
14.5.. 
15.... 
15.5.- 
16.... 
16.5.. 
17.... 
18-... 
18.5.. 

19 

19.6.. 

20 

21 

22 

23.... 
24 

^::. 

25.5.. 
26.5.. 
27.... 

28 

29 

30 

31 



33.-.. 
34.... 

Stop.. 



(pounds). 



289,000 
275,000 
308,000 
340,000 
309,000 
396,000 
422,000 
434,000 
446,000 



. 460,000 
464,000 
468,000 
453,000 
442,000 
435,000 
428,000 
412,000 
399,000 
385,000 
369,000 
355,000 
343,000 
328,000 
315,000 
295,000 
285,000 
289,000 
298,000 
322,000 
335,000 
352,000 
368,000 
377,000 
382,000 
388,000 
389,000 
387,000 
392,000 
403,000 
409,000 
426,000 
441,000 
453,000 
440,000 
430,000 
426,000 
454,000 
472,000 
487,000 
484,000 
492,000 

493, ooa 

499,0W 
496,000 
478,000 
463,000 
460,000 
448,000 
433,000 
416,000 
404,000 
385,000 
373,000 
365,000 
354,000 



340,000 
337,000 
328,000 
324,000 
334,000 
336,000 
338,000 
327,000 
316,000 
322,000 
325,000 



Elapsed time. 



J7. m. ». 

3 26 00 



8 37 00 



3 


51 


00 


3 


64 


28 


3 


57 


37 


4 


00 


37 



4 44 25 



4 53 30 



Time 
interval 
(seconds). 



Velocity 

(Inches per 

minute^. 
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BESISTANCB OF BOTATING BANDS. 
Projectile No, 1, ij-inc^ cvrcuUxr ten<J--Continlied. 



DiBtanoe along bofe 
(inches). 



(pounds). 



Elapsed time. 



Time 
interral 
(seconds). 



Velootty 

(Inches per 

mimite). 



36... 
36... 
37... 
38... 
39... 
40... 
41... 
42... 
43... 
44... 
46... 
46... 
47... 
48... 
49... 
60... 
61... 
62... 
63... 
64... 
66... 
66... 
67... 
68... 
Stop. 



60.. 
61-. 
62.. 
63.. 
64.. 
66.. 
66.. 
67.. 



09... 
70... 
71... 
72... 
73... 
74... 
74... 
76... 
76... 
77... 
78... 
79... 
80... 
81... 
82... 
Stop. 



84. 
86. 
86. 
87. 



89.. 
90.. 
91.. 
92.. 



94... 

96... 

96... 

97... 

98... 

99... 
100... 
101... 
102... 
103... 
104... 
106... 
106... 
Stop. 



318,000 
318,000 
323,000 
325,000 
326,000 
328,000 
332,000 
337,000 
334,000 
332^000 
334,000 
337,000 
340,000 
343,000 
334,000 
329,000 
336,000 
344,000 

343, ooa 



333,000 
335^000 
338,000 
348,000 



351,000 
365,000 
348,000 
344,000 
345,000 
345,000 
345,000 
339,000 
336,000 
329,000 
329,000 
329,000 
300,000 
327,000 
328,000 
337,000 
337,000 
333,000 
331,000 
337,000 
343,000 
342,000 
338,000 
340,000 
340,000 



317,000 
319,000 
319,000 
323,000 
320,000 
315,000 
314,000 
312,000 
314,000 
324,000 
326,000 
324,000 
317,000 
310,000 
301,000 
303,000 
300,000 
295,000 
295,000 
307,000 
311,000 
306,000 
300,000 



H, m. t. 

10 49 46 



I 
I 

I 

i 
S 

11 13 10 

*ii "m'm' 



11 46 46 



1 35 00 



^ 
& 



a 

1 67 10 
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BBSISTANCB OP ROTATING BANDS. 
ProjectUe No, i, H^nch circular &an<i— Continued. 



47 



Distance akmg bore 
(inches). 



(pocmds). 



Elapaed time. 



Time 
Interval 
(seconds). 



Velocity 
(indies per 
minute). 



107... 
108... 

loe... 

110... 
111... 
112... 
113... 
114... 
115... 
116... 
117... 
118... 
Stop. 
119... 
120... 
121... 
122... 
123... 
124... 
125... 
126... 
127... 
128... 
129... 
130... 
131... 
132... 
133... 
134... 
135... 
136... 
137... 
138... 
139... 
140... 
141... 
142... 
Stop. 
143... 
144... 
145... 
146... 
147... 
148... 
149... 
160... 
151... 
152... 
153... 
154... 
155... 
156... 
157... 



300,000 
300,000 
296,000 
289,000 
288,000 
286,000 
284,000 
292,000 
299,000 
298,000 
288,000 
286,000 



285,000 
278,000 
275,000 
275,000 
276,000 
280,000 
284,000 
287,000 
295,000 
298,000 
279,000 
274,000 
289,000 
292,000 
300,000 
301,000 
292,000 
297,000 
303,000 
296,000 
300,000 



H. m. ». 

2 26 26 



2 35 40 
2 37 06 



3 32 05 
3 32 58 



34 

34 05 

34 37 

35 28 

36 38 

37 52 

38 40 

39 21 

40 15 

41 18 

42 25 

43 10 
43 50 



45 57 

47 10 

48 05 

49 15 

50 46 



36 
81 
32 
51 
70 
74 
48 
41 
64 
63 
67 
45 
40 



127 
73 
55 

70 
91 



1.13 
1.67 
1.93 
1.87 
1.18 
.857 
.81 
1.25 
1.46 
1.11 
.952 
.895 
1.33 
1.60 



.045 
.822 
1.09 
.857 
.66 



305,000 
306,000 



63 22 
54 32 



156 
70 



.77 
.857 



313,000 
316,000 
305,000 
298,000 
309,000 
312,000 
309,000 
812,000 
320,000 
333,000 
331,000 
301,000 
240,000 
153,000 




13 32 

14 20 

15 06 

15 43 

16 17 

17 06 

18 00 
18 54 
10 18 
20 02 

20 37 

21 22 

22 07 
22 54 
24 27 



48 
46 
37 
30 
49 
64 
64 
24 
44* 
35 
55 
45 
47 
99 



1.25 
1.30 
1.62 
2.00 
1.22 
1.11 
1.11 
2.60 
1.36 
1.71 
1.09 
1.33 
1.28 
.606 
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BBSISTANCB OF ROTATING BANDS. 



FBOJECTCLE NO. 2. 

IJ-INCH CIRCULAR BAND, AS SHOWJ^ ON DRAWING 75-l»-l. 

Shore hardness before test, 14. 
Shore hardness after test, 19. 

Chemical arudym of hand. ^ 

Per cent. [ 

Cu 97.30 

Ni 2.43 

Mn : 21 

Appearance of projectile and band after test: Extrusion 
"lacmg'' very irregular and ragged; bourrelet badly scratched 
several places. . 

Remarks: . Projectile bumped considerably during test; gun nd 
cleaned after testmg projectile No. 1, bore dry and copper coated 

Projectile No, $, H-inch circular band. 



Distance 
along 
bore 


(iKmnds). 


Elapsed 
time. 


Time 
interval 


Velocity 
(inches 
per min- 
ute). 






M.S. 






ai 


320,000 


00 






.2 


370,000 


54 


64 


am 


.3 


430,000 


1 40 


46 


.130 


.4 


474,000 


2 38 


68 


.103 


.5 


522,000 


3 56 


77 


.078 


.6 


649,000 


5 22 


87 


.009 


.7 


554,000 


6 59 


97 


.062 


.8 


649,000 


8 41 


102 


.059 


.9 


540,000 


10 06 


87 


.069 


1 


534,000 


11 18 


70 


.086 


1.1 


523,000 


12 10 


62 


.115 


1.2 


608,000 


12 56 


46 


.130 


1.3 


483,000 


13 32 


36 


.166 


1.4 


460,000 


14 05 


33 


.182 


1.5 


439,000 


14 27 


22 


.272 


1.6 


409,000 


14 50 


23 


.260 


1.7 


377,000 


15 11 


21 


.286 


1.8 


346,000 


15 30 


19 


.316 


1.9 


313,000 


15 47 


17 


.353 


2 


295,000 


16 05 


18 


.333 


2.2 


270,000 


16 26 


21 


.67 


2.4 


282,000 


16 44 


. 18 


.667 


2.6 


290,000 


17 06 


21 


.67 


2.8 


292,000 


17 32 


27 


.444 


3 


301,000 


18 00 


28 


.428 


3.5 


324,000 


19 18 


78 


.385 


4 


348,000 


20 37 


79 


.380 


4.5 


374,000 


22 02 


85 


.353 


5 


391,000 


23 20 


78 


.385 


5.5 


402,000 


24 26 


66 


.466 


6 


402,000 


25 09 


43 


.096 


6.6 


402,000 


26 11 


62 


.484 


7 


408,000 


27 13 


62 


.484 


7.5 


418,000 


28 13 


60 


.600 


8 


425,000 


29 11 


68 


.517 


8.5 


436,000 


30 09 


68 


.617 


9 


453,000 


30 53 


44 


.682 


9.5 


468,000 


31 29 


36 


.833 


10 


478,000 


32 23 


54 


.555 


10.5 


484,000 


33 37 


74 


.405 


11 


485,000 


34 52 


76 


.40 


11.5 


492,000 


36 11 


79 


.38 


12 


509,000 


37 39 


88 


.34 


12.5 


524,000 


38 45 


66 


.455 


13 


536,000 


39 20 


35 


.867 


13.5 


647,000 


40 22 


62 


.484 


14 


560,000 


41 34 


72 


.416 


14.6 


573,000 


42 56 


82 


.366 


15 


584,000 


44 10 


74 


.405 
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PROJECTILE NO. 2, AFTER TEST; U-INCH CIRCULAR BAND. 

Photograph shows irregular extrusion or "lacing" at rear edge of rotating band. Several 
scratches on bourrelet visible. 
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Projectile No, iS, l{4nch circular band-^Continxied. 
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Distance 
along 
bore 

(inches). 


(potmds). 


EUpsed 
time: 


Time 
interval 
(seconds). 


Velocity 
(inch^ 
per min- 
ute). 






M. 9, 






16 


604,000 


47 10 


180 


a333 


17 


637,000 


48 56 


106 


.665 


18 


653,000 


58 30 


674 


1.06 


19 
20 
21 


654,000 
662,000 
672,000 








'"o'w" 

28 






28** 


....... ^... 


22 


672,000 


50 


22 


2.72 


23 
24 
25 
26 


665,000 


1 13 


23 


2.61 


"'m',m" 

600,000 


'"o'ob" 

51 






si" 


........... 


27 


588,000 


1 29 


38 


1.68 


28 


573,000 


1 65 


26 


2.30 


29 


563,000 


2 22 


27 


2.22 


30 


551,000 


2 50 


28 


2.14 


31 


536,000 


3 18 


28 


2.14 


Stop 










32 
33 


■*'5i3;666'" 

510,000 


'* '6**66" 
53 






53* 


........... 


34 


505,000 


1 44 


61 


1.18 


35 


499,000 


2 53 


60 


.87 


36 


500,000 


4 22 


89 


.67 


57 


490,000 


6 31 


60 


.87 


38 


500,000 


6 20 


49 


1.22 


39 


496,000 


7 00 


40 


1.50 


40 


491,000 


7 53 


63 


1.13 


41 


498,000 


9 21 


88 


.68 


42 


502,000 


10 65 


94 


.638 


43 


488,000 


11 64 


59 


1.02 


44 


482,000 


12 31 


37 


1.62 


45 


482,000 


13 12 


41 


1.46 


46 


491,000 


14 36 


84 


.716 


47 


494,000 


16 42 


66 


.91 


48 


498,000 


16 34 


62 


1.16 


49 


488,000 


17 04 


30 


2.00 


50 


477,000 


17 33 


29 


2.07 


51 


482,000 


17 58 


25 


2.40 


52 


492,000 


18 21 


23 


2.60 


53 


503.000 


18 44 


23 


2.60 . 


54 


497,000 


19 04 


20 


3.00 


56 


480,000 


19 34 


20 


3.00 


Stop 










56 
57 
58 


'*"45i,'6o6"" 


*"*6"*66" 










*'*466;666'" 


.......... 


• 77" 


**"i.'56*" 


59 
60 


455,000 
487,000 








*""2**65*" 


48* 


**"2.*56*'* 


61 
62 
63 


494,000 


2 29 


24 


2.50 


"*495,'666" 


.......^.. 


46* 


**"2.*66' * 


65 


501,000 


4 02 


48 


2.60 


67 


486,000 


6 22 


80 


1.50 


69 


471,000 


7 45 


183 


.666 


71 


485,000 


8 52 


67 


1.79 


73 


487,000 


9 53 


61 


1.97 


75 


488,000 


11 46 


113 


1.06 


77 


480,000 


13 18 


92 


1.306 


79 
Stop 


430,000 














81 
83 


""478;666"' 

470,000 


"* "6**66" 

1 14 






74** 


****i.*62' * 


85 


452,000 


2 13 


59 


2.04 


87 


472,000 


3 34 


81 


1.48 


89 


478,000 


5 25 


HI 


1.08 


91 


463,000 


6 23 


68 


2.07 


93 


459,000 


7 11 


48 


2.50 


95 


475,000 


7 45 


34 


3.63 


97 


456,000 


8 15 


. 30 


4.00 


99 


443,000 


8 50 


35 


3.42 


101 


438,000 


9 25 


36 


3.42 


103 
Stop 


470,000 


10 53 


88 


1.36 


f05 
107 


*'*443,"666" 
442,000 


*'*6"66" 
59 


** 6** 

69 




**"2."64*" 


109 


453,000 


1 50 


61 


2.36 


111 


442,000 


2 41 


51 


2.36 
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BESISTANCB OF ROTATING BANDS. 
Projectile No. j?, Ii4nch circular 6aiu^— Continued. 



Distance 
along 
bore 

(inches). 


(poands). 


Elapsed 
time. 


Time 
interval 
(seconds). 


VelocHy 
(inches 
per min- 
ute). 


113 
115 
117 
118 
Stop.... 


430,000 
434,000 
428,000 
426,000 


M. i.\ 

3 30 

4 48 

5 51 


49 

78 
63 


2.45 
1.54 
1.90 








122 
124 
126 
128 
130 
132 
134 
136 
138 
140 
142 
Stop.... 


410,000 
389,000 
394,000 
423,000 
413,000 
380,000 
409,000 
413,000 
415,000 
385,000 
409,000 
410,000 


00 

1 34 



94 




1.28 


4 21 

6 24 

7 23 

8 11 
8 46 
26 

12 30 
15 10 
17 19 


167 
123 
69 
48 
35 
40 
184 
160 
129 


1.44 

.975 

2.04 

2.50 

3.43 

3.00 

.65 

.75 

.93 


1^ 
146 
148 
150 
151 
152 
163 
154 
155 
156 
157 
157.6 
Stop.... 


399,000 
391,000 
403,000 
390,000 
385.000 
374,000 
380,000 
377,000 
333,000 
240,000 
110,000 



00 
2 39 
5~ 06 

6 05 

7 20 

8 35 
29 

10 02 
10 27 

10 50 

11 16 



150 
147 
50 
75 
75 
64 
33 
25 
23 
26 




.756 

.816 

2.04 

.80 

.80 

l.ll 

1.82 

2.40 

2.61 

2.30 














1 
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PROJECTILE NO. 3. AFTER TEST; 2-INCH CIRCULAR BAND. 

Photograph shows (A) the uniform extrusion or "lacing" and (B) how the metal at the forward 
end of the rotating band tills the grooves on the driving side only. 
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FBOJECTILB NO* 8. 

2-INCH CIRCULAR BAND, AS SHOWN ON DRAWINO 75-12-24. 

Shore hardness before test, f2. 
Shore hardness after test, 17. 

Chemical analysis of band, 

Feroent. 

Cu 97.27 

Ni 2.48 

Mn 21 

Appearance of projectile and band after test: Extrusion or ' 'lacing'* 
fairly good. Two bad scratches on opposite sides of bonrrelet; one 
was probably present before the test. 

Remarks: Projectile traversed first part of bore smoothly, but 
bumped continually during second half; gun cleaned with wire orush 
for two-thirds of its length and with bristle brush for its full length, 
then lubricated for half its length with Keystone grease. 

Projectile No, 3, 2-inch drctdar hand. 



Distance 
along 
bore 

(inches). 


(poonds). 


Elapsed 
time. 


Time 

interval 

(seconds). 


Velocity 
(inches 
per min- 
ute). 


0.1 


60,tX)0 








.2 


100,000 








.3 


160,000 








.4 


210,000 








.5 


260,000 








.6 

.7 
.8 


293,000 








"*338,"660** 








.9 


356,000 








1 


372,000 








1.1 


388,000 








1.2 


397,000 








1.3 


394,000 








1.4 


399,000 








1.5 


406,000 








1.6 


411,000 








1.7 


401,000 








1.8 


388,000 








1.9 


372,000 








2 


350,000 








2.2 


309,000 








2.4 


280,000 








2.6 


280,000 








2.8 


287,000 


M. 8, 






3 


294,000 


20 






3.4 


312,000 








3.6 


320,000 








3.8 


336,000 








4 


347,000 








4.5 


376,000 








5 


398,000 


00 






6.5 


411,000 


42 


42 


0.715 


6 


418,000 


1 26 


44 


.682 


6.6 


427,000 


1 58 


32 


.938 


7 


430,000 


2 18 


20 


1.60 


7.6 


436,000 


2 37 


19 


1.68 


8 


466,000 


2 67 


20 


1.50 


8.5 


466,000 


3 19 


22 


1.36 


9 


482,000 


3 64 


35 


.867 


9.6 


601,000 


4 42 


48 


.626 


10 


611,000 


6 31 


49 


.613 


10.6 


518,000 


6 24 


63 


.666 


11 


611,000 


7 18 


64 


.665 


11.6 


601,000 


8 03 


45 


.666 


12 


608,000 


8 27 


24 


1.26 


12.6 


628,000 


8 52 


25 


1.20 


13 


630,000 


9 17 


25 


1.20 
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BESISTANCE OF BOTAXING BANDS. 
PrqjectUe No, S, t4neh dreular toul—Continued. 



DJstanoe 
taoog 
bofe 

(incbfls). 


(poundB). 


Elapsed 
time/ 


, Time 
Jntenral 
(seoonds). 


Velocity 

(Indies 

per min- 

ate). 


14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
StOD... 


562,000 
560,000 
574,000 
686,000 
595,000 
603,000 
610,000 
615,000 
621,000 
620,000 
628,000 


M, t. 

10 32 

11 42 

12 44 

13 27 

14 20 

15 48 

17 25 

18 27 

19 15 

20 44 
22 19 


76 
70 
62 
43 
53 
89 
96 
62 
48 
89 
06 


aso 

.857 
.967 
1.39 
1.13 
.674 
.625 
.967 
1.25 
.674 
.631 


26 
27 
28 
29 
30 
31 
32 
33 
34 
Stop.... 


607,000 
600,000 
608,000 
611,000 
621,000 
612,000 
607,000 
626,000 
636,000 
626,000 


00 

1 20 

2 07 

2 43 

3 18 

4 18 

5 15 

6 06 

6 36 

7 06 



80 
47 
36 
85 
60 
57 
50 
31 
30 




.76 
L28 
1.67 
1,71 
1.00 
1.06 
1.20 
1.93 
2.00 


3? 
36 
37 
38 
30 
40 
41 
42 
43 
44 
45 
46 
47 
48 
40 
50 
51 
52 
53 
54 
55 
56 
57 
58 
StoD... 


583,000 
598,.000 
606,000 
630,000 
634,000 
633,000 
640,000 
648,000 
641,000 
632,000 
635,000 
637,000 
645,000 
650,000 
642,000 
630,000 
632,000 
645,000 


00 

47 



47 




1.28 


00 
28 
57 

1 25 

1 56 

2 42 

3 26 

4 08 
4 31 

4 50 

5 27 

5 55 

6 26 

7 11 
7 54 



28 
29 
28 
31 
46 
44 
37 
28 
28 
28 
28 
31 
45 
43 




2.14 
2.07 
2.14 
1.93 
1.30 
1.36 
1.62 
2.14 
2.14 
2.14 
2.14 
1.93 
1.33 
1.395 


566,000 
525,000 
532,000 
530,000 
540,000 


9 01 
9 25 
9 48 
10 07 
10 21 


67 
24 
16 
26 
14 


1.79 
2.50 
3.75 
2.30 
4.28 


60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
Stop... 


545,000 
582,000 
613,000 
589,000 
565,000 
520,000 
500,000 
480,000 
484,000 
485,000 
514,000 
543,000 
560,000 
576,000 
470,000 
475,000 
455,000 
460,000 
460,000 
480,000 
482,000 
506,000 
534,000 
500,000 


00 
44 

1 43 

2 46 

3 04 
3 27 
3 40 

3 56 

4 29 

5 18 

6 52 

8 24 

9 57 

10 43 

11 42 

13 39 

14 27 

15 11 

17 11 

18 52 

19 50 

20 33 

21 15 



44 

50 
63 
18 
23 
13 
16 
33 
48 
94 
92 
98 
46 
59 
117 
48 
44 
120 
101 
58 
43 
42 




L36 
LQ2 
.952 
3.33 
2.61 
4.61 
3.75 
1.82 
1.22 
.64 
.652 
.645 
1.30 
1.02 
.513 
1.25 
1.36 
.50 
.594 
1.03 
1.395 
1.43 




« 




X 

84 
85 
86 


460,000 
473,000 


00 

1 50 






110 


.545 


470,000 


3 13 


83 


1.45 
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BESISTANCE OF BOTATING BANDS. 
Projectile No. 5, B-indi circular band. 
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Distanoe 
along 
bore 

(inches). 


(pounds). 


Elapsed 
time. 


Time 
interval 
(seconds). 


Velocity 
(inches 
per min- 
ute). 






M, 9. 






87 


502,000 


4 14 


61 


0.984 


88 


522,000 


5 28 


74 


.81 


89 




6 41 


73 


.822 


90 




6 50 


18 


3.33 


91 


""456*666" 


7 11 


13 


5.00 


93 


455,000 


7 43 


83 


1.87 


93 


450,000 


8 18 


35 


1.76 


94 


450,000 


8 35 


17 


3.53 


95 


450,000 


9 13 


38 


1.58 


96 


460,000 


10 05 


53 


1.15 


97 


462,000 


10 30 


25 


2.4 


98 


462,000 


10 42 


13 


5.0 


99 


470,000 


11 07 


34 


2.5 


100 


470,000 


11 18 


13 


5.0 


101 


465,000 


11 34 


16 


3.75 


102 


465,000 


13 06 


33 


1.875 


lOS 


470,000 


13 10 


64 


.938 


104 


480,000 


14 31 


81 


.74 


105 


470,000 


15 48 


77 


.78 


106 


475,000 


16 45 


67 


LOS 


StOD... 










W7 


"'475,'666" 


"'6"66" 


6" 




106 


475,000 


58 


58 


""i.035 * 


109 


430,000 


1 47 


49 


1.22 


110 


415,000 


2 59 


72 


.834 


111 


434,000 


4 05 


66 


.91 


112 


445,000 


4 48 


43 


L395 


113 


410,000 


00 







114 


431,000 


1 13 


72 


."834 * 


115 


438,000 


2 02 


50 


1.30 


116 


455,000 


2 50 


48 


1.25 


117 


458,000 


3 35 


45 


L33 


118 


460,000 


4 27 


52 


1.15 


Stop... 










119 


"465,666" 


6"66" 


6" 




120 
121 










"465,'666" 


......... 


si" 


-.....^... 


122 


460,000 


2 01 


40 


1.50 


123 


455,000 


3 02 


61 


.984 


124 


455,000 


8 26 


24 


2.50 


125 


455,000 


3 59 


33 


1.82 


126 


455,000 


4 37 


38 


1.58 


127 


455,000 


5 35 


58 


1.03 


128 


460,000 


6 48 


73 


.822 


129 


450,000 


7 32 


44 


1.36 


130 


450,000 


7 57 


25 


2.40 


131 


450,000 


8 14 


17 


3.52 


132 


455,000 


8 38 


24 


2.50 


133 


450,000 


8 55 


17 


3.52 


134 


458,000 


9 23 


28 


2.14 


135 


450,000 


10 13 


49 


1.22 


136 


435,000 


11 13 


61 


.964 


137 


445,000 


12 16 


63 


.952 


138 


450,000 


12 59 


43 


1.395 


139 


445,000 


13 51 


52 


1.16 


140 


415,000 


15 32 


101 


.594 


141 


420,000 


16 42 


70 


.858 


142 


430,000 


17 52 


70 


.858 


StOD 










l3^ 


"*395,'666" 
395,000 


"6 66" 


6" 




144 


1 28 


88 


.'682" 


145 


395,000 


2 06 


40 


L50 


146 


395,000 


2 47 


39 


L54 


147 


405,000 


3 49 


62 


.97 


148 


395,000 


5 16 


27 


2.22 


149 


392,000 


6 25 


60 


.87 


150 


415,000 


7 15 


50 


1.20 


151 


425,000 


7 55 


40 


1.50 


152 


425,000 


8 42 


47 


L28 


153 


425,000 


9 49 


67 


.896 


154 


435,000 


10 32 


43 


1.395 


155 


350,000 


11 02 


30 


2.00 


156 


250,000 


11 43 


41 


1.40 


157 


100,000 


12 17 


34 


1.76 


158 
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BESISTANCB OF ROTATING BANDS. 



PBOJBCTILE NO. 4. 

IJ-mCH SPLIT BAND, AS SHOWN ON DRAWING 76-13-1. 

Shore hardness before test, 15. 
Shore hardness after test, 18. 

Chemical analysis of hand. 

Percent. 

Cu 99.72 

Ni None. 

Mn None. 

Fe 0.1*6 

Appearance of projectile and band after test: Extrusion or ''lac- 
ing" was very uniform; bourrelet of projectile was 'badly scratched 
in three places. 

Diameter at bottom of grooves in band equals diameter across 
lands in gun; diameter, 12.039 inches. 

RemarKs: Projectile traversed first half of bore smoothly but 
bumped badly and continuaUv during the last half of bore; bore 
cleaned with bristle brush and lubricated whole length with Keystone 
grease. 

Projectile No. 4, li-inch split band. 



Distance 
along 
bore 

(inches). 


(pounds). 


Elapsed 
time. 


Time 
interval 
(seconds) 


Velocity 
(inches 
per min- 
ute). 


1 


650,000 








1.2 


5io;ooo 








1.6 


465,000 








1.8 


420,000 








2 


370,000 








2.2 


330,000 








2.4 


310,000 








2.6 


316,000 








2.8 


325 000 


M. ». 






3 


340,000 


00 






3.2 


355,000 


24 


24 




3.4 


366,000 


62 


28 




3.6 


380,000 


1 66 


34 




3.8 


399,000 


2 02 


36 




4 


410,000 


2 19 


17 




4.5 


435,000 


3 11 


52 




5 


462,000 


4 03 


62 




6.6 


466,000 


4 46 


43 




6 


469,000 


6 24 


38 




6.5 


465,000 


5 49 


25 




7 


463,000 


6 15 


26 




7.6 


458,000 


6 38 


23 




8 


479,000 


7 32 


54 




8.5 


494,000 


8 34 


62 




9 


620,000 


9 41 


67 




9.5 


543,000 


10 50 


69 




10 ' 


559,000 


12 03 


73 




10.5 


665,000 


12 66 


53 




11 


665,000 


13 13 


17 




11.5 


644,000 


13 51 


38 




12 


647,000 


14 30 


39 




13 


682,000 


15 44 


74 




14 


003,000 


16 69 


76 




15 


599,000 


17 34 


36 




16 


619,000 


18 11 


37 




17 


643,000 


19 07 


66 




18 


675,000 


20 37 


90 




19 


674,000 


22 20 


103 




20 


657,000 


23 16 


65 




21 


642,000 


23 66 


41 




22 


622,000 


25 03 


67 




23 


686,000 


26 19 


76 




24 


666,000 


27 34 


76 




StOD... 










•^WJ^.. • 
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PROJECTILE NO. 4. AFTER TEST; 1i-INCH SPLIT BAND. 
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BESISTANCE OF BOTATING BANDS. 
Projectile No, 4f li-inch split band—Contmued, 
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Distance 
along 
bore 

(inches). 


(pounds). 


Elapsed 
time. 


Time 
interval 
(seconds). 


Velocity 
(inches 
per min- 
ute). 






M. ». 






25 


516,000 


00 







26 


495,000 


1 18 


78 




27 


484,000 


2 15 


67 




28 


480 000 


2 65 


40 


1.60 


29 


482,000 


4 00 


66 


.923 


30 


489,000 


5 14 


74 


.810 


31 


487,000 


6 12 


68 


1.03 


32 


498,000 


6 49 


37 


1.62 


33 


500,000 


7 18 


29 


2.07 


34 


619,000 


• 8 08 


60 


1.20 


Stop... 










3? 


*"5ii,'666"" 


"6* '66" 


6" 




36 


526.000 
517,000 


1 03 


63 


.962 


37 


1 57 


64 


1.11 


38 


631,000 


3 07 


70 


.867 


39 


648,000 


4 52 


105 


.571 


40 


647,000 


6 14 


82 


.732 


41 


561,000 


7 16 


62 


.967 


42 


559,000 


8 13 


57 


1.06 


43 


560,000 


9 23 


70 


.867 


44 


569,000 


10 31 


68 


.882 


46 


562,000 


11 27 


66 


1.07 


46 


666,000 


12 14 


47 


1.28 


47 


676,000 


13 19 


66 


.923 


48 


582,000 


14 35 


76 


.79 


49 


578,000 


15 52 


77 


.78 


50 


663,000 


16 49 


57 


1.05 


51 


668,000 


18 00 


71 


.847 


52 


695.000 


19 30 


90 


.667 


53 


500,000 


21 05 


96 


.632 


54 


514,000 


22 00 


66 


1.09 


55 


527,000 


23 32 


92 


.652 


56 


532,000 


25 03 


91 


.66 


67 


543,000 


26 40 


97 


.619 


58 


549,000 


27 56 


76 


.790 


Stop. . . 










8$ 


***569,'666*" 


'"o'bb" 


6" 





60 


577,000 


1 53 


113 


.530 


61 


588,000 


3 35 


102 


.589 


62 
63 
64 


600,000 


5 26 


111 


.54 


693,666 


"T'27" 


m" 


."33i'" 


65 


890,000 


9 02 


35 


1.71 


66 


590,000 


9 57 


65 


1.09 


67 


597,000 


11 23 


86 


.699 


68 


562,000 


12 42 


79 


.76 


60 


555,000 


13 49 


67 


.895 


70 


569,000 


14 54 


65 


.924 


71 


682,000 


16 17 


83 


.723 


72 


596,000 


17 43 


86 


.698 


73 


636,000 


18 45 


62 


.968 


74 


605,000 


19 26 


41 


1.41 


76 


500,000 


20 25 


69 


1.02 


76 


607,000 


21 43 


78 


.77 


77 


650,000 


22 02 


19 


3.16 


78 
79 


555,000 
658,000 






.367 


"ii'ho" 


i68" 


80 


570,000 


26 17 


87 


.69 


81 


540,000 


27 23 


66 


.91 


82 


480,000 


28 36 


73 


.822 


8top.». 










¥ 


"'466,'66o"" 


""6*"66'" 


6" 




84 


465,000 


1 05 


65 


.924 


85 


460,000 


2 45 


100 


.60 


86 


609,000 


3 89 


54 


1.11 


87 


637,000 


4 01 


22 


2.73 


88 


544,000 


5 06 


65 


.924 


89 


500,000 


5 50 


44 


1.36 


90 


440,000 


6 37 


47 


1.28 


91 


460,000 


8 11 


94 


.639 


92 


450,000 


9 21 


70 


.867 


. 93 


465,000 


10 25 


64 


.938 


94 


500,000 


11 06 


41 


1.46 


95 


640,000 


11 48 


42 


1.43 


96 


466,000 


12 23 


36 


1.71 


97 


465,000 


13 19 


36 


1.67 


98 


460,000 


14 16 


66 


1.07 
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BESISTANCE OF BOTATING BANDS. 
Projectile No. 4, l^-indi split hand — Continued. 



Distance 
along 
bore 

(Inches). 


(pounds). 


Elapsed 
time. 


Time 
interval 
(seconds). 


Velocity 
(inches 
per min- 
ute). 






M. 9. 






99 


490,000 


15 03 


48 


1.26 


100 


560,000 


15 52 


49 


1.22 


101 


470,000 


16 45 


53 


1.13 


102 


435,000 


17 22 


37 


1.62 


Ston... 










iX 


'"455,066" 


■"6"66" 


6" 




104 


470,000 


56 


56 


1.07 


105 


455,000 


1 62 


66 


1.07 


106 


450,000 


2 54 


62 


.968 


Stop... 










lOf 


"*486;666" 


■*"6'"66" 


6" 




108 


480,000 


1 09 


69 


.87 


109 


480,000 


1 66 


47 


1.28 


110 


475,000 


2 25 


29 


2.06 


111 


470,000 


2 64 


29 


2.06 


112 


470,000 








113 


470,000 


"4"2i" 


87" 


.'69"' 


114 


470,000 


6 16 


55 


1.09 


116 


470,000 


6 11 


55 


1.00 


116 


470,000 


6 54 


43 


1.396 


117 


470,000 


7 24 


30 


2.00 


118 


465,000 


8 09 


45 


1.333 


Stop... 










l\§ 


"'466,'666** 


"*6"66" 


6" 




120 


460,000 


1 11 


71 


.845 


121 


450,000 


1 58 


47 


1.28 


122 


465,000 


3 15 


77 


.78 


123 


465,000 


4 47 


92 


.652 


124 


450,000 


5 65 


68 


.883 


125 


455,000 


6 48 


53 


1.13 


126 


450,000 


7 30 


42 


1.43 


127 


465,000 


8 28 


58 


1.03 


128 


460,000 


9 40 


72 


.834 


129 
130 










' "445,066" 


"ii"6r" 


si" 


""i.*48"' 


131 


445,000 


11 36 


36 


1.71 


132 


455,000 


12 08 


32 


1.87 


133 


455,000 


12 55 


47 


1.28 


134 


445,000 


14 00 


65 


.924 


135 


440,000 


14 57 


57 


1.06 


136 


435,000 


15 38 


41 


1.46 


137 


440,000 


16 11 


33 


1.82 


138 


435,000 


16 53 


42 


1.43 


139 


435,000 


18 33 


100 


.60 


140 


435,000 


20 08 


95 


.63 


141 


430,000 


21 03 


55 


1.09 


142 


435,000 


21 34 


31 


1.93 


Stop... 










143 


"'425,666" 


"'6"66" 


6" 




144 


440,000 


1 06 


66 


.91 


145 


445,000 


2 00 


64 


1.11 


146 


440,000 


3 27 


87 


.69 


147 


435,000 


6 11 


104 


.577 


148 


440,000 


6 46 


95 


.631 


149 


440,000 


8 23 


97 


.619 


150 


435,000 


9 50 


87 


.69 


151 


435,000 


11 10 


80 


.75 


152 


435,000 


12 11 


61 


.986' 


153 


435,000 


12 43 


32 


1.87 


154 


430,000 


13 18 


35 


1.71 


155 


380,000 


13 55 


37 


1.62 


166 


300,000 


14 42 


47 


1.28 


157 


160,000 


15 25 


43 


1.39 


158 
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FBOnECTILE NO. 6. 

^INCH CIRCULAR BAND, AS SHOWN ON DRAWING 7&-12-1. 

Shore hardness before test, 12. 
Shore hardness after test, 19. 

Chemical analysis of hand, 

Feroont. 

Cu 97.27 

Ni 2.48 

Mn 21 

Appearance of projectile and band after test: Extrusion or 
''lacing" very nearly perfect; bourrelet of projectile was scratched 
in three or four places. 

Remarks: Projectile bumped badly for nearly the whole length 
of bore; bore cleaned with bnstle brush and lubricated whole length 
with Keystone grease. 

Projectile No. 5, 2-inch hand. 



Distance 
aloiig 
bore 

(Inches). 


(pounds). 


Elapeed 
time. 


Time 
interval 
(seconds). 


Velocity 

(inches 

perminr 

ute). 






M. 8. 






ai 


25,000 


00 






.3 


77,000 


42 


42*" 


""a286** 


.5 


170,000 


1 23 


41 


.293 


.7 


245,000 


2 24 


61 


.197 


1 


320,000 


4 15. 


111 


.162 


1.3 


378,000 


5 34 


79 


.228 


1.6 


309,000 


6 39 


65 


.277 


2 


395,000 


7 54 


76 


.32 


2.6 


365,000 


9 01 


67 


.448 


. 3 


427,000 


9 42 


41 


.732 


3.5 


483,000 


10 49 


67 


.448 


4 


537,000 


12 46 


117 


.256 


4.5 


683,080 


15 30 


164 


.183 


5 


-623,000 


17 43 


133 


.226 


5.5 


638,000 


19 10 


87 


.345 


6 


655,000 


20 15 


65 


.461 


6.5 


656,000 


20 37 


22 


1.365 


7 


658,000 


20 59 


22 


1.365 


7.5 


672,000 


21 21 


22 


1.365 


8 


685,000 


22 38 


77 


.39 


8.5 

9 

9.5 


750,000 














*"666,'666" 
650,000 
640,000 
630,000 




377" 


.'398" 


10 








11 


'28* '55" 






12 


29 16 


2i" 


'■**2.*86"' 


13 


670,000 


29 38 


22 


2.73 


14 


700,000 


30 05 


27 


2.22 


15 


700,000 


30 30 


25 


2.4 


16 


730,000 
740,000 








17 


'*32'"i4" 


164" 


""\.ih"' 


18 


770,000 


32 43 


29 


2.07 


20 


750,000 


33 45 


62 


1.94 


21 


620,000 
600,000 
607,000 


00 






22 


00 






23 


39 


39* 


■'"i.54"* 


24 
Stop... 


690,000 


1 04 


25 


2.4 


26 


"*632,666" 
513,000 


*"6'"66'" 

58 






68" 


'""1*035" 


27 


502,000 


1 43 


45 


1.33 


28 


497,000 


2 18 


35 


1.71 


29 


512,000 


2 52 


34 


1.76 


30 


521,000 


3 30 


38 


1.58 


31 


629,000 


4 18 


48 


1.25 


32 


553,000 


5 08 


50 


1.20 


33 


677,000 


5 64 


46 


1.30 


34 


571,000 


6 32 


38 


1.58 


stop... 
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BESISTANCE OF BOTATING BANDS. 
Projectile No. 5, t4nch hand — Continued. 



Distance 
along 
bore 

(inches). 


(pounds). 


Elapsed 
time. 


Time 
interval 
(seconds). 


Velocity 
(inches 
per min- 
ute). 






M. 9. 






36 
36 


646,000 
564,000 


00 

1 01 






hi" 


""olm" 


37 


684,000 


2 03 


62 


.968 


3» 


620,000 


3 42 


99 


.605 


39 


638,000 


5 25 


103 


.583 


40 


662,000 


7 15 


110 


.546 


41 


662,000 


8 22 


67 


.895 


42 


610,000 


9 46 


84 


.715 


43 


650,000 


10 36 


49 


1.22 


44 


650,000 


11 09 


44 


1.36 


45 


660,000 


11 60 


41 


1.46 


46 


660,000 


12 43 


53 


1.13 


47 


565,000 


13 53 


70 




48 


576,000 


14 46 


63 


....... ^... 


49 


565,000 


15 34 


48 


1.26 


50 


666,000 


16 19 


45 


1.33 


61 


670,000 


17 14 


65 


1.09 


52 


676,000 


18 01 


47 


1.28 


53 


660,000 


18 29 


28 


2.14 


64 


660,000 


19 05 


36 


1.67 


55 


666,000 


19 60 


46 


1.33 


56 


655,000 


20 61 


61 


.985 


57 


660,000 


21 41 


50 


1.20 


68 

StOD... 


665,000. 


22 34 


53 


1.13 


w 


"656,666 " 


"6 '66 






60 


576,000 


59 


59 " 


""i.'6i7 " 


61 


665,000 


1 41 


42 


1.43 


62 


665,000 


2 11 


30 


2.00 


63 


665,000 


3 15 


64 


.938 


64 


665,000 


4 10 


55 


1.09 


65 


565,000 


4 54 


44 


1.36 


66 


565,000 


5 28 


34 


1.76 


67 


670,000 


5 54 


26 


2.31 


68 


560,000 


6 34 


40 


1.60 


69 
70 
71 


565,000 


7 12 


38 


1.58 


'■■575,666*' 


* "9"65" 


ii3 " 


""i.'66"' 


72 


570,000 


9 48 


43 


1.395 


73 


.666,000 
660,000 


10 20 


32 




74 


10 56 


36 


""i.'e?"" 


75 


565,000 


11 44 


48 


1.25 


76 


560,000 


12 51 


67 


.805 


77 


570,000 


14 04 


73 


.822 


78 


670,000 


14 43 


39 


1.54 


79 


686,000 


15 01 


18 


3.34 


80 


590,000 


15 19 


18 


3.34 


81 


590,000 


15 35 


16 


3.75 


82 


600,000 


15 51 


16 


3.75 


StOD... 










w 


■'■665;666"' 


'*'6"66" 






84 


555,000 


50 


56" 


......^... 


86 


560,000 


1 36 


46 


1.305 


86 


576,000 


2 51 


75 


.80 


87 
88 
89 


580,000 


3 54 


63 


.953 


"**685;666" 


"5* "25'" 


9i"' 


.'66'" 


90 


570,000 


5 56 


31 


1.935 


91 


576,000 


6 28 


32 


1.875 


92 


560,000 


7 36 


68 


.882 


93 


545,000 


8 35 


59 


1.017 


94 


570,000 


9 06 


31 


1.935 


96 


570,000 


9 30 


24 


2.60 


96 


570,900 


10 33 


63 


.953 


97 
98 
99 


565,000 


11 19 


46 


1.305 


"■685;666*' 


"i2"24 " 


66" 


.*924" 


100 


500,000 


00 






101 
102 








"*666,*666" 


"i"63" 


63" 


""i'.m" 


103 


600,000 


1 18 


15 


4.00 


104 


650,000 


1 40 


22 


2.725 


105 
106 




2 04 
2 23 


24 
19 


2.50 
3.16 


'**656,*666" 


Stop... 










»«v^.. . 
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EESISfANCE OF BOTATING BANDS. 
Projectile No. 6, 2-4nch hand — Continued. 
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Distance 
along 
bore 

(inches). 


(pounds). 


Elapsed 
time. 


Time 
interral 


Velocity 
(inches 
per min- 
ute). 






M. 9. 






107 
108 


620,000 
630,000 


00 
32 






32 


""i.'876" 


109 


640,000 


68 


26 


2.30 


110 


635,000 


1 24 


26 


2.30 


111 


630,000 


1 54 


30 


2.00 


112 


615,000 


2 19 


26 


2.40 


113 


610,000 


2 62 


33 


1.82 


114 


605,000 


3 28 


36 


1.67 


115 


625,000 


4 03 


36 


1.71 


116 


630,000 


4 42 


39 


1.64 


117 


630,000 


5 26 


44 


1.36 


118 


610,000 


6 07 


41 


1.46 


Stop... 










uS 


"556,666 " 


*"6"66 " 






120 


580,000 


43 


43" 


""i.*395" 


121 


570,000 


1 17 


34 


1.76 


122 
123 
124 


580,000 


1 59 


42 


1.43 


'**546,'666" 


"*3"i7 ' 


78" 


.77 " 


125 


580,000 


3 57 


40 


1.50 


126 


580,000 


4 35 


38 


1.58 


127 


609,000 


6 14 


39 


1.54 


128 


600,000 


6 07 


61 


1.175 


129 


580,000 


6 31 


24 


2.50 


130 


550,000 


7 05 


34 


1.76 


131 


580,000 


7 35 


30 


2.00 


132 


600,000 


8 04 


29 


2.07 


133 


600,000 
450,000 


00 






134 


47 


47" 


""i.'28"" 


135 


530,000 


2 18 


91 


.66 


136 


520,000 


3 05 


47 


1.28 


137 


540,000 


3 39 


34 


1.76 


138 


545,000 


4 32 


63 


1.13 


139 


540,000 


5 22 


50 


1.20 


140 


545,000 


6 11 


49 


1.22 


141 


555,000 


7 05 


64 


1.11 


142 


560,000 


8 09 






Ston... 








143 


'■"536,'666*" 
540,000 


"'6 "66" 




........... 


144 


42 


42" 




145 


645,000 


. 1 20 


38 


1.68 


146 


545,000 


1 66 


35 


1.71 


147 


540,000 


2 26 


31 


1.936 


148 


560,000 


3 08 


42 


1.43 


149 


550,000 


4 08 


60 


1.00 


150 


550,000 


4 56 


47 


1.28 


151 


560,000 


5 26 


31 


1.935 


152 


670,000 


6 38 


72 


.833 


153 


565,000 


7 46 


68 


.882 


164 


640,000 


8 60 


64 


.938 


155 


460,000 


9 64 


64 


.938 


156 


320,000 


10 69 


65 


.924 


157 


100,000 


12 14 


75 


.80 


168 
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60 BESISTANGE OF ROTATING BANDS. 

FBOJBCTILB KO. 6. 

IJ-INCH SPLIT BAND, AS SHOWN ON DRAWING 75-12-1. 

Shore hardness before test, 16. 
Shore hardness after test, 17. 

Chemical analytis of band, 

FeroBDt. 

Cu 99.7 

Ni None. 

Mn None. 

Fe a 16 

Appearance of projectile and band after test : Extrusion or " lacing'' 
of band rather irregular; no new scratches on bourrelet of projectue. 

Diameter at bottom of grooves in band equals diameter across 
lands in gun; diameter, 12.022 inches. 

RemarKs: Gtm cleaned with wire and bristle brushes; bore slightly 
lubricated with Keystone grease; projectile traversed the bore fairly 
smoothly with very little bumping. 

Projectile No, tf , H-4nch split hand. 



Distance 
along 
bore 

(inches). 


(pounds). 


Elapsed 
time. 


Time 
interval 
(seconds). 


Velocity 
(inches 
per min- 
ute). 






M. «. 






0.1 


30,000 
67,000 


00 






.2 


36 


36* 


""6." 1667" 


.3 


136,000 


1 31 


55 


.109 


.4 


226,000 


2 29 


58 


.1035 


.6 


297,000 


3 31 


61 


.0986 


.6 


337,000 


4 24 


63 


.113 


.7 


367,000 


5 21 


67 


.106 


.8 


398; 000 


6 05 


44 


.136 


.9 


418,000 


6 42 


37 


.162 




430,000 


7 11 


29 


.206 


1.1 


422,000 


7 38 


27 


.222 


1.2 


414,000 
402,000 








1.4 


"*8"32"* 


64*' 


"".'334"* 


1.6 


406,000 


9 14 


42 


.286 


1.8 


406,000 


9 50 


36 


.334 


2 


380,000 


10 11 


21 


.572 


2.2 


360,000 


10 30 


19 


.632 


2.6 


342,000 


10 47 


17 


1.06 


3 


374,000 


11 31 


44 


.682 


3.5 


402,000 


12 39 


68 


.44 


4 


436,000 


14 02 


83 


.3615 


4.5 


459,000 


15 13 


71 


.422 


5 


476,000 


16 17 


64 


.469 


5.5 


478,000 


17 14 


67 


.626 


6 


481,000 


18 02 


48 


.626 


6.5 


480,000 


18 34 


32 


.938 


7 


481.000 


19 02 


28 


1.07 


7.6 


497,000 


19 54 


52 


.576 


8 


509,000 


20 53 


59 


.509 


8.5 


528,000 


21 64 


61 


.491 


9 

9.5 
10 


651,000 


22 57 


63 


.476 


'■'603,*666** 


••24-26" 


83" 


"".'724"" 


10.5 


602,000 


24 64 


34 


.883 


11 


599,000 


25 36 


42 


.715 


11.6 


689,000 


26 17 


41 


.732 


12 


692,000 


27 01 


44 


.682 


12.5 


616,000- 


27 46 


45 


.666 


13 


639,000 


28 33 


47 


.639 


13.5 


664,000. 


29 17 


44 


.682 


14 


660,000 


29 52 


36 


.858 


16 


667,000 


31 17 


86 


.706 


16 


680,000 


32 64 


97 


.620 


17 


682,000 


34 13 


79 


.760 
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PROJECTILE NO. 6. AFTER TEST; U-INCH SPLIT BAND. 



Digitized by 



GoogI( 



Digitized by 



GoogI( 



BESISTANOE OF BOTATINQ BANDS. 
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Distance 
laong 
bore 

(incbes). 


(pounds). 


Elapsed 
time. 


Time 
interval 
(seconds). 


Velocity 
(inches 
per min- 
ute). 






If. «. 






18 


677,000 


35 04 


51 


1.176 


19 


657,000 


35 43 


39 


1.54 


ao 


630,000 


36 40 


57 


1.06 


21 


610,000 


37 27 


47 


1.275 


22 


593,000 


38 14 


47 


1.275 


23 


673,000 


38 43 


29 


2.07 


24 


573,000 


39 10 


27 


2.22 


Stop... 










26 

26 


'"*56i,666'" 
544,000 


••6*66*' 

44 






44*' 


...... ^... 


27 


533,000 


1 28 


44 


1.36 


28 


532,000 


2 18 


60 


1.20 


29 


539,000 


3 35 


77 


.78 


30 


644,000 


4 51 


76 


.79 


31 


543,000 


5 55 


64 


.938 


32 


550,000 


6 28 


33 


1.82 


33 


565,000 


7 06 


37 


1.62 


34 


577,000 


8 09 


• 64 


.938 


StOD... 










3? 
36 


"*562,'666" 
569,000 


"■"6*"66 * 

44 






44" 


'■*'i."344** 


37 


563,000 


1 18 


34 


1.76 


38 


573,000 


1 59 


41 


1.46 


39 


583,000 


3 11 


72 


.834 


40 


588,000 


4 26 


75 


.80 


41 
42 
43 


ill" 


00 

00 

39 










39*" 


""i'54'" 


44 


602,000 


1 38 


59 


1.017 


45 


618,000 


3 04 


86 


.608 


46 


623,000 


4 14 


70 


.857 


47 


624,000 


5 01 


47 


1.278 


48 


627,000 


5 41 


40 


1.60 


49 


628,000 


6 34 


53 


1.13 


50 


623,000 


7 53 


79 


.76 


61 


626,000 


9 13 


80 


.75 


62 


632,000 


10 06 


53 


1.13 


53 


633,000 


10 46 


40 


1.50 


64 


616,000 


11 35 


49 


1.22 


55 


612,000 


12 47 


72 


.834 


56 


606,000 


14 07 


80 


.75 


57 


603,000 


15 01 


64 


1.11 


58 


599,000 


16 37 


36 


1.667 


Stop... 










5^ 
60 


"iToJooo" 

636,000 


"'6' 66" 
3 22 






202 " 


:297** 


61 


560,000 


6 05 


163 


.368 


62 


550,000 


8 57 


172 


.349 


63 


530,000 


11 22 


145 


.414 


64 


555,000 
597,000 


13 25 


123 


.488 


66 


15 00 


96 


.632 


66 


608,000 


16 38 


98 


.613 


67 


617,000 


18 14 


96 


.626 


68 


582,000 


19 20 


66 


.91 


69 


576,000 


20 23 


63 


.952 


70 


600,000 


21 36 


73 


.821 


71 


614,000 


1 08 


68 


.883 


72 


620,000 


2 00 


52 


1.16 


73 


560,000 


2 52 


52 


1.16 


74 


538,000 


4 14 


82 


.732 


76 


526,000 


5 37 


83 


.723 


76 


520,000 


6 40 


63 


.952 


77 


548,000 


7 22 


42 


1.428 


78 


672,000 


8 15 


53 


1.13 


79 


591,000 


9 50 


96 


.631 


80 


603,000 


11 32 


102 


.589 


81 


594,000 


12 46 


74 


.81 


82 


597,000 


13 36 


60 


1.20 


Stop... 










83 
84 


■*656,"666"' 

547,000 


'*'6"66" 
1 16 






76** 


.*79"" 


85 


563,000 


2 26 


70 


.858 


86 


560,000 


3 24 


58 


1.035 


87 


573,000 


4 33 


69 


.87 


88 


582,000 


5 45 


72 


.834 


89 


592,000 


6 52 


67 


.805 


90 


575,000 


7 60 


68 


1.035 
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BBSISTA]SrCB OF ROTATING BANDS. 
Projectile No. 6, li-inch split hand — Continued. 



Distance 
along 
bore 

(inches). 


(pounds). 


Elapsed 
time. 


Time 
interval 
(seconds). 


Velocity 
(inches 
per min- 
ute). 






M, 9. 






91 


630,000 


8 61 


61 


0.986 


92 


490,000 


9 56 


64 


.938 


93 


537,000 


10 62 


67 


1.06 


94 


670,000 


11 47 


66 


1.09 


96 


530,000 


12 63 


66 


.91 


96 


496,000 


13 53 


60 


1.00 


97 
Stop.... 




14 53 


60 


1.00 




98 


'**564,'666" 


""i'is** 


76"' 


"86 "" 


99 


616,000 


1 56 


40 


1.60 


100 


648,000 


2 35 


40 


1.60 


101 


644,000 


3 16 


41 


1.46 


102 


654,000 


4 35 


79 


.76 


103 


664,000 


6 24 


109 


.56 


104 


683,000 


8 14 


110 


.545 


106' 


674,000 


9 26 


72 


.834 


106 


586,000 


10 35 


69 


.870 


Stop.... 










107 
108 


"'"526,066" 
550,000 


'""6* '66"' 

1 27 






.......... 


."69"* 


109 


569,000 


2 06 


39 


1.54 


110 


655,000 


2 45 


39 


1.54 


111 


663,000 


3 21 


36 


1.67 


112 


658,000 


4 17 


66 


1.07 


113 


656,000 


6 16 


59 


1.018 


114 


643,000 


6 09 


53 


1.13 


116 


648,000 


6 46 


37 


1.62 


116 


664,000 


7 24 


36 


1.67 


117 


671,000 


8 12 


48 


1.25 


118 


661,000 


9 10 


68 


1.035 


Stop. . . 










119^ 
120 


"*"5"l"6,"666*" 
534,000 


'6' "66"" 

. 57 






67'" 


""'Los'" 


121 


630,000 


1 36 


39 


1.54 


122 


628,000 


2 04 


28 


2.14 


123 


661,000 


3 23 


79 


.76 


124 


642,000 


4 40 


77 


.78 


126 


539,000 


5 65 


76 


.80 


126 


630,000 


6 54 


69 


1.017 


127 


640,000 


7 45 


51 


1.175 


128 


669,000 


9 20 


96 


.632 


129 


664,000 


11 11 


111 


.54 


130 


624,000 


12 52 


101 


.694 


131 


621,000 


14 10 


78 


.77 


132 


662,000 


16 21 


131 


.468 


133 


610,000 


17 36 


76 


.80 


134 


474,000 


18 35 


69 


1.017 


135 


500,000 


20 06 


91 


.64 


136 


513,000 


22 32 


146 


.41 


137 


616,000 


24 56 


144 


.416 


138 


515,000 • 


26 56 


120 


.600 


139 


609,000 


29 20 


144 


.416 


140 


518,000 


31 46 


146 


.41 


141 


615,000 


33 58 


132 


.455 


142 
Stop.... 


617,000 


36 13 


136 


.446 


143 
144 


""456,066"" 
487,000 


*6""66'* 

1 14 






74" 


fsi"" 


145 


494,000 


2 21 


67 


.896 


146 


500,000 


3 53 


92 


.662 


147 


499,000 


6 03 


130 


.461 


148 


504,000 


7 53 


110 


.545 


149 


486,000 


9 07 


74 


.81 


150 


483,000 


9 52 


46 


1.33 


151 


486,000 


11 42 


110 


.545 


152 


485,000 


13 18 


96 


.626 


163 


481,000 


14 40 


82 


.732 


154 


481,000 


15 31 


61 


1.178 


156 


420,000 


17 08 


97 


.62 


156 


340,000 


18 37 


89 


.616 


157 


190,000 


19 45 


68 


.883 


158 
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STEEL COLUMNS. 

No. 642. 









fweSA 



tA£>u^ 



Ahrth 



Built I column, 70,000 pounds carbon steel. 

Length of column, 9 feet 5.80 inches. 

See ngure 2 for size of plate, angles, and location of rivets. 
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C 




10 


Deflections. 




Stress 
































Total 
load. 


per 
square 
inch. 




prei 


Com- 
press- 


Com- 


Com- 
press- 


Com- 


Horison- 


Vertical. 






omti. 


ometer 


pression. 


ometer 


pression. 


tal. 








read 


reading. 




reading. 








Pwnds. 


Pounds. 




IM 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


9,396 


1,024 


A 
B 
C 
D 


0. 




0.0124 
.0021 
.0144 
.0068 


0. 
0. 
0. 
0. 


0.0141 
.0002 
.0078 
.0110 


0. 
0. 
0. 
0. 


0. 


0. 


46,980 


5,119 


A 




!0 


.0146 


.0022 


.0169 


.0028 


0. 


0. 






B 




8 


.0038 


.0017 


.0017 


.0015 










C 




2 


.0158 


.0014 


.0091 


.0013 




, 






D 




^ 


.0074 


.0006 


.0112 


.0002 






9,396 


1,024 


A 
6 




)l 


-.0123 
.0020 


-.0001 
-.0001 


.0143 
.0004 


.0002 
.0002 


0. 


0. 






C 




M 


.0143 


-.0001 


.0080 


.0002 










D 






.0069 


.0001 


.0110 


0. 






93,960 


10,239 


A 




19 


.0167 


.0043 


.0190 


.0049 


.01 


0. 






B 




17 


.0058 


.0037 


.0038 


.0036 










C 




A 


.0168 


.0024 


.0109 


.0031 




•' , 






D 




9 


.0088 


.0020 


.0125 


.0015 






140,940 


15,360 


A 




►8 


.0186 


.0062 


.0210 


.0069 


.01 


0. 






B 




»9 


.0078 


.0067 


.0069 


.0057 










C 




1 


.0188 


.0044 


.0129 


.0051 










D 




16 


.0104 


.0036 


.0142 


.0032 






187,920 


20,479 


A 




'6 


.0206 


.0082 


.0229 


.0088 


.02 


0. 






B 




7 


.0098 


.0077 


.0077 


.0075 










C 




>8 


.0196 


.0052 


.0145 


.0067 










D 




»3 


.0122 


.0054. 


.0162 


.0052 






9,396 


1,024 


A 




14 


.0126 


.0002 


.0145 


.0004 


0. 


0. 






B 




»2 


.0024 


.0003 


.0004 


.0004 










C 




» 


.0136 


-.0008 


.0080 


.0002 










D 




)2 


.0068 


0. 


.0110 


0. 






234,900 


25,600 


A 




)% 


.0226 


.0102 


.0252 


.0111 


.02 


0. 






B 







.0120 


.0099 


.0097 


.0095 










C 




to 


.0215 


.0071 


.0163 


.0086 










D 


in 


.0145 


.0077 


.0184 


.0074 






9,396 


1,024 


A 


.06 


.0130 


.0006 


.0148 


.0007 


0. 


0. 






B 


.07 


.0028 


.0007 


.0007 


.0005 










C 


.08 


.0140 


-.0004 


.0080 


.0002 










D 


t 


.0069 


.0001 


.0111 


.0001 






281,880 


30, 719 


A 


.0260 


.0126 


.0277 


.0136 


.05 


.01 






B 


.15 


.0145 


.0124 


.0118 


.0116 










C 


.06 


.0238 


.0094 


.0182 


.0104 










D 


:U 


.0170 


.0102 


.0212 


.0102 






9,396 


1,024 


A 


.0134 


.0010 


.0158 


.0017 


0. 


0. 






B 


,h 


.0034 


.0013 


.0015 


.0013 










C 


.is 


.0140 


-.0004 


.0084 


.0006 










D 


.01 


.0074 


.0006 


.0114 


.0004 







Readings discont 
Column graduall j)unds, = 



'- 35,839 pounds per square inch. 
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Weight of column, 310 pounds. 

Sectional area, 9.176 square inches. 

Length, center to center of pins, 10 feet 2.50 inches. 

Tested with pin ends. (See fig. 3.) 







,1^U:^5^^y|;tj^ 



ANGUESV'X a'^XJi" 



AXIS. OF |ilN% IN Ttft PMH£ OF THE W». 



Pins vertical in plane of web. 
Gauged lengths as per figure 1. 
591360— 15 5 
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66 STEEL COLUMNS. 

No. 543. 

Built I column, 70,000 pounds carbon steel. 

Length of column, 9 feet 5.57 inches. 

See figure 2 for size of plate, angles, and location of rivets. 

Wei^nt of column, 309 pounds. 

Sectional area, 9.151 square inches. 

Length, center to center of pins, 10 feet 2.45 inches. 

Tested with pin ends. (See fig. 3.) 

Pms vertical in plane of web. 

Oauged length as per figure 1. 

No. 544. 

Built I column, 70,000 pounds carbon steel. 

Length of colunm, 9 feet 5.80 inches. 

See ngure 2 for size of plate, angles, and location of rivets. 

Weight of column, 309 pounds. 

Sectional area, 9.145 square inches. 

Length, center to center of pins, 10 feet 2.50 inches. 

Tested with pin ends. (See fig. 3.) 

Pins vertical in plane of web. 

Oauged length as per figure 1. 
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Pounds. 
9,370 


Pound*. 
1,023 


46,850 


5,119 


9,370 


1,023 


93,700 


10,239 


140,550 


15,359 


187,400 


20,478 


234,250 


26,615 


9,370 


1,023 


281,100 


30,738 


9,370 


1,023 



Readings discontin 
Column gradually 



. ids, = 32,787 pounds per square inch. 



69136®— 15. (Tofacepag< 



incn. 


IJUM. 


0.0076 


0. 


.0056 


a 


.0072 


0. 


.0068 


0. 


.0086 


.0010 


.0063 


.0007 


.0095 


.0023 


.0080 


.0022 


.0077 


.0001 


.0060 


.0004 


.0076 


.0004 


.0060 


.0002 


.0100 


.0024 


.0082 


.0026 


.0118 


.0046 


.0103 


.0045 


.0116 


.0040 


.0096 


.0040 


.0138 


.0066 


.0122 


.0064 


.0134 


.0058 


.0115 


.0069 


.0157 


.0084 


.0143 


.0085 


.0156 


.0080 


.0136 


.0080 


.0176 


.0104 


.0162 


.0104 


.0079 


.0003 


.0062 


.0006 


.0082 


.0010 


.0068 


.0010 


.0182 


.0106 


.0163 


.0107 


.0199 


.0127 


.0182 


.0124 


.0083 


.0007 


.0068 


.0012 


.0090 


.0018 


.0070 


.0012 



incA. 

0.0184 
.0068 
.0020 
.0096 
.0196 
.0076 
.0044 
.0120 
.0184 
.0070 
.0024 
.0098 
.0210 
.0086 
.0067 
.0144 
.0228 
.0102 
.0086 
.0168 
.0247 
.0117 
.0103 
.0190 
.0273 
.0134 
.0118 
.0217 
.0186 
.0065 
.0030 
.0108 
.0311 
.0151 
.0125 
.0262 
.0192 
.0077 
.0032 
.0128 



men. 
0. 

a 

0. 

0. 
.0012 
.0008 
.0024 
.0024 

0. 

.0002 
.0004 
.0002 
.0026 
.0018 
.0047 
.0048 
.0044 
.0034 
.0066 
.0072 
.0063 
.0049 
.0083 
.0094 
.0089 
.0066 
.0098 
.0121 
.0002 
-.0003 
.0010 
.0012 
.0127 
.0083 
.0105 
.0166 
.0008 
.0009 
.0012 



0. 



.02 



.04 



.06 



.09 



.19 



.06 



0. 



~ 01 



01 



.01 
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-4- 


9 


10 


Defleedoiu. 




StraoB 




^ 














Total 
load. 


per 
square 
Inch. 




I 


Ck)m- 
press- 


Com- 


Com- 
press- 


Com- 




Vertical. 








1 


ometer 


pression. 


ometer 


pression. 


tal. 








reading. 




reading. 








Pounds. 


Pounds, 






Inch. 


Inch. 


Jndb. 


Inch. 


Inch. 


Inch. 


9,145 


1,000 


A 




0.0014 


0. 


0.0006 


0. 


0. 


0. 






B 


1 


.0186 


0. 


.0188 


0. 










C 




.0180 


0. 


.0002 


0. 










D 




.0189 


0. 


.0033 


0. 






45,726 


6,000 


A 




J 


.0026 


.0012 


.0016 


.0010 


0. 


.01 






B 




I 


.0194 


.0008 


.0197 


.0009 










C 




) 


.0198 


.0018 


.0026 


.0024 










D 




) 


.0206 


.0017 


.0054 


.0021 






9,145 


1,000 


A 

B 




J 


.0014 
.0186 


0. 
0. 


.0006 
.0190 


0. 
.0002 


0. 


0. 






C 




I 


.0182 


.0002 


.0004 


.0002 










D 




J 


.0188 


-.0001 


.0032 


-.0001 






91,460 


10,000 


A 




J 


.0040 


.0026 


.0034 


.0028 


0. 


.01 






B 




) 


.0210 


.0024 


.0210 


.0022 










C 




J 


.0218 


.0038 


.0041 


.0039 










D 




I 


.0222 


.0033 


.0078 


.0045 






137,176 


15,000 


A 




) 


.0057 


.0043 


.0052 


.0046 


0. 


.01 






B 




\ 


.0224 


.0038 


.0226 


.0038 










C 




> 


.0237 


.0057 


.0060 


.0058 










D 




I 


.0251 


.0062 


.0098 


.0065 






182,900 


20,000 


A 




7 


.0076 


.0061 


.0070 


.0064 


0. 


0. 






B 




) 


.0241 


.0055 


.0241 


.0063 










C 




J 


.0256 


.0076 


.0079 


.0077 










D 




) 


.0266 


.0077 


.0120 


.0087 






228,625 


26,000 


A 




> 


.0095 


.0081 


.0092 


.0086 


.01 


0. 






B 




i 


.0258 


.0072 


.0259 


.0071 










C 


4 


.0276 


.0096 


.0100 


.0098 










D 


7 


.0284 


.0095 


.0137 


.0104 






■ 9,146 


1,000 


A 


D 


.0016 


.0002 


.0010 


.0004 


0. 


.01 






B 


4 


.0188 


.0002 


.0191 


.0003 










C 


7 


.0188 


.0008 


.0016 


.0014 










D 




9 


.0190 


.0001 


.0038 


.0006 






274,350 


30,000 


A 




7 


.0118 


.0104 


.0118 


.0112 


.03 


0. 






B 




I 


.0280 


.0004 


.0278 


.0090 










C 




5 


.0300 


.0120 


.0120 


.0118 










D 




J 


.0296 


.0107 


.0159 


.0126 






9,146 


1,000 


A 




3 


.0021 


.0007 


.0013 


.0007 


0. 


0. 






B 




i 


.0190 


.0004 


.0194 


.0006 










C 




J 


.0196 


.0015 


.0018 


.0016 










D 




J 


.0194 


.0005 


.0041 


.0008 






320,076 


36,000 


A 




i 


.0149 


.0135 


.0164 


.0168 


.09 


0. 






B 




5 


.0304 


.0118 


.0298 


.0110 










C 




J 


.0^28 


.0148 


.0138 


.0136 










D 




J 


.0316 


.0127 


.0190 


.0157 






Readings discont 
















Column graduall; 


r- 


= 36,80 


7 poun< 


is per fi 


quare i 


nch. 




J 
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TEVSILE TESTS OF SPECIMEVS OF CHAINS. 

[Taksn from fender cbaixis for lock gates for Isthmian Canal Commteioo.] 

Specimens consist of triplets or three links each, 
links made of wrought iron 3^ inches diameter. 
Marks on specimen, 222-1. 
Eond of links, open. 



Length of links before testfaig 
At 275,000 poonds the length 
Width of Imks before testmg. 
At 275,000 pounds the width i 



Incha. 

12 
101 



Inehet. 



At 450,000 pomids links were examined, 
third link fractured at weld. 

Marks on specimen, 223-1. 
Band of links, open. 



At 479,000 pomids the 



Links. 



„.j. of links before testing — 

At 275,000 pounds the length was 

Width of Imks before testing 

At 275,000 pounds the width was. 



Inches. 

li 



Inches, 



Indies. 

1? 
10| 



' At 450,000 jpomids the links were examined. At 510,000 pounds 
the test was discontinued. Tiinka not fractured. 

Marks on specimen, 221. 
Kind of links, open. 



Links. 



Length of links before testini;. .. . 
At 275,000 pounds the ktngth was 

Widtii of Ifiiks before tesmg 

At 376,000 pounds the width was. 



Indtes. 
16 

'It 
101 



Inekss. 
16 
17| 
13 
101 



At 460,000 pounds the links were examined; third link showed 
an opening at the welded end. At 490,000 pounds the second link 
fractured at the weld. 
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Marks on specimen, 222-2. 
Eond of links, open. 



Length of linki before testing 

At 276,000 iKKmds the length was 

Width of l&ks before testfiig 

At 275,000 pounds the width was 



Inehet. 
151 

17 
12 
101 



Inehet. 

13 
101 



Inehet. 



At 396,000 pounds the second link fractured at weld. 

Marks on specimen, 217-2. 
Ejnd of links, stud. 



Links. 



Length of links before testing 

At»0,000 poonds the length was 

Width of l&ks before test% 

At 300,000 poonds the width was 



Inehet. 
16J 
17 



U 



At 600,000 pounds the links were examined. At 525,000 pounds 
the test was discontinued. Links not fractured. 

Marks on specimen, 222-2-1. 
Kind of links, open. 



Lii^. 



„.^of links before testing...., 

At 216,000 pounds the length was, 
At 275,000 pounds the length was. 

Width of l&ks before t^thig , 

At 246,000 pounds the width was. 
At 275,000 pounds the width was. 



Inches. 

i 



17 

i 



Inches, 


Inches. 


iS* 


^ 


16| 


17 


n| 


12 


11 


11 


lOJ 


101 



At 450,000 pounds the links were examined. At 510,000 poxmds 
the test was discontinued. Links not fractured. 
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Marks on specimen, 222-2-2. 
Kind of lints, open. 



Links. 



Length of links before testing 

At 245,000 pounds the length was, 
At 275,000 pounds the length was, 
Width of miks before testing was. 
At 245,000 i)ounds the width was. 
At 275,000 pounds the width was. 



Tneket. 



12 

in 



IfuAea. 


Inehet. 


151 


16 


I6f 


1€ 


Im 


16 


n| 


i^i 


11 


lOl 


lOi 


10} 



At 450,000 pounds the links were examined. At 510,000 pounds 
the test was discontinued. Links not fractured. 

Marks on specimen, 222-3. 
Kind of links, open. 



Links. 



Length of links before testing 

At 245,000 pounds the length was. 
At 275,000 pounds the length was. 

Width of Imks before testing 

At 245,000 i>ounds the width was. 
At 275,000 pounds the width was. 



Inchei, 

161 
12 
11 
lOf 



9. 

i 



At 450,000 poimds the links were examined. Maximum load was 
504,000 pounas. At 432,000 pounds the second link fractured at 
weld. 

Marks on specimen, 223-2. 
Kind of links, open. 



Links. 



Length of links before testing 

At 245,000 pounds the length was. 
At 275,000 pounds the lenjg^th was. 

Width of links before testing 

At 245,000 pounds the width was. 
At 275,000 pounds the width was. 



iTiches. 


Inches. 


151 


15 


1^ 


1ft 


m 


16 


12 


12 


lOi 


11 


loI 


10 



Inches. 
16 

in 

12 
11 
lOi 



At 450,000 poTmds the links were examined, 
the third link fractured at the weld. 



At 500,000 pounds 
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Marks on spedmen, 226-1 . 
Kind of links; stud. 



Links. 



Length of links before testing 

At 250,000 pounds the length was. 
At 300,000 jMiinds the length was. 

Width of links before test^ 

At TSOfiOO pounds the width was. . 
At 900,000 pounds the width was . . 



Ifiches. 



Inches. 
1« 
10 
16 
10 
10 
10 



IfuAea. 

lis* 



17 



At 500,000 pounds the links were examined. At 525,000 pounds 
the test was discontinued. Links not fractured. 

Marks on specimen, 223-3. 
Kind of links, open. 



Links. 



Length of links before testing 

At 245,000 pounds the length was 
At 275,000 pounds the length was 

Width of links before testuig 

At 245,000 i>ounds the width was. 
At 275,000 pounds the width was. 



Inches. 

12 
11 
lOf 



Maximum load was 370,000 pounds. At 346,000 pounds the first 
link fractured at the weld. 

Marks on specimen, 224-1. 
Kind of links, open. 



Links. 



Length of links before testing. 
At 245,000 pounds length was 
At 275,000 iMunds length was. 
Width of Imks before testing. . 
At 245,000 pounds width was. 
At 275,000 pounds width was. 



Inches. 



Inches. 
16 
lOf 
17 
12 



lil 



At 450,000 pounds links were examined. Maximum load was 482,- 
000 pounds. At 426,000 pounds the third link at the weld fractured. 
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Marks on specimen^ 226-2. 
Eand of linkS; stud. 



Links. 



Length of links before testing 

At 250,000 pounds the length wta, 
At 300,000 poonds the length wta. 

Width of links before testnig 

At 250,000 poonds the width was 
At 300,000 pounds the width was. 



Ineket. 

1.1 

17 



At 450,000 pounds the links were examined. At 525,000 pounds the 
test was discontinued. Links not fractured. 

Marks on specimen, 224-2. 
Eand of links, open. 



Links. 



Length of links before testing 

At 246,000 pounds the length was. 
At 275,000 pounds the length was. 

Width of links before testmg 

At 245,000 pounds the width was . 
At 275,000 pounds the width was . 



Inehet. 

ir 

lOJ 



Inchti. 
151 

{?• 

12 
11 
10| 



Jnchet. 



12 
11 
lOf 



At 450,000 pounds the links were examined. Maximum load was 
464,000 pounds. At 422,000 pounds the third link at weld fractured. 

Marks en specimen, 227-1. 
Kind of links, open. 



Links. 



Length of links before testing 

At 245,000 pounds the length was. 
At 275,000 pounds the length was 

Width of links before testfiig 

At 245,000 pounds the width was . 
At 275,000 pounds the width was . 



InchM. 
16 
16 
16 
12" 
11 
101 



Inehet. 
16 



Inchu. 

17 
12 



At 450,000 pounds the links were examined. At 510,000 pounds 
the test was oiscontinued. Links not fractured. 
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.Marks on specimen, 228-1. 
Kind of linKs, open. 



Links. 



Length of links before testing 

At 246,000 pounds the length was 
At 275,000 pounds the length was 

Width of Imks before testing 

At 245,000 pounds the width was 
At 275,000 pounds the width was 



Ineha. 
16 
17 

11 
101 



IneheB. 
16 

I? 

lOi 



Inelut. 

lit 

IT 
111 



At 450,000 pounds the links were examined. Maximum load was 
469,000 pounds. At 410,000 pounds the first link at the wdd 
fractured. 

Marks on specimen, 223-3-2. 
Ejnd of links, open. 



Links. 



Length of links before testing 

At 245,000 pounds the length was 
At 275,000 pounds the length was 

Width of Imks before testing 

At 245,000 pounds the width was . 
At 275,000 pounds the width was . 



Inches. 
17 
lOi 



Inches. 
17 



Inches. 
16 

1^ 

12 
11 
10^ 



At 398,000 pounds the first link fractured at the weld. 



Marks on specimen, 223-3-1. 
Kind of linjks, open. 



Links. 



Length of links before testing 

At 245,000 pounds the length was, 
At 275,000 pounds the length was, 

Width of Imks before testing 

At 245,000 poimds the width was. 
At 275,000 pounds the width was. 



Inches. 




Inches. 



At 426^200 pounds the third link fractured at the weld. 
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Marks on specimen; 227-2. 
Kind of links, open. 



Links. 



Length of links before testing 

At :;{45,000 poitnds the length was 
At 275,000 pounds the length was 
Width of Imks before testing . . . . 
At 245,000 pounds the width was. 
At 275,000 pounds the width was. 



Inehet, 
l«l 
17 

m 

101 



Inekes. 



11 

m 



Ineihet, 
16 
17 

m 

lOf 



At 450,000 pounds the links were examined, 
the first link fractured at the weld. 



At 480,000 pounds 



Marks on specimen, 224-3. 
Kind of links, open. 



Links. 



I^ength of links before testing 

At 245,000 pounds the length whs 
At 276,000 pounds the length was 

Width of Imks before testhig 

At 245,000 pounds the width was . 
At 275,000 pounds the width was . 



Inehet. 

lit 

17 
12 
11 
lOf 



Inehet. 


Inehet. 


15f 


15J^ 


loi 


iff 


16* 


16} 


12A 


1? 


11 


11 


lOi 


m 



Maximum load was 432,000 pounds, 
third Unk fractured at the weld. 



At 392,000 pounds the 



Marks on specimens, 224-3-2. 
Kind of links, open. 



Links. 



I^ength of links before testing. . . . 
At 345,000 pounds the length was 
At 275,000 pounds the length was 

Width of Imks before testing 

At 245,000 pounds the width was. 
At 275,000 pounds the width was. 



Inehet. 
15} 
1^ 

n 

10 
10 



Inehet. 



At 436,000 pounds the second link fractured at the weld and at 
quarter. 
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Marks on specimen, 224-3-1. 
Kind of linka, open. 



Links. 



Length of links before testing 

At 245,000 pounds the length was 
At 275,000 pounds the length was 

Width of Imks before testing 

At 245,000 pounds the width was. 
At 275,000 pounds the width was . 



Incket. 

17] 
12 
11 
lOf 



Inches. 
15^ 
1<^ 

^^ 
11 
10 
10 



Inehet. 



At 460,000 pounds the links were examined. At 496,000 pounds 
the first link fractured at the weld and at center. 

Marks on specimen, 227-3. 
Kind of links, open. 



Length of links before testing 

At 245,000 pounds the length was . . 
At 275,000 pounds the length was . . 

Width of ifiiks before testtag 

At 245,000 pounds the width was.. 
At 275,000 pounds the width was. . 



Inchet. 
16 
17 

m 

12 
11 
10! 



Ineha, 

17 
12 



}JI 



Inches. 

lit 

17 
12 



n 



At 450,000 pounds the links were examined. At 510,000 pounds 
the test was discontinued. Links not fractured. 

Marks on specimen, 230-1. 
Kind of UnJfs, open. 



Links. 



Length of links before testing 

At 245,000 pounds the length was 
At 275,000 pounds the length was 

Width of links before testing 

At 245,000 pounds the width was. 
At 275,000 pounds the width was. 



Inches. 
16 

m 

in 



Inches. 
15i 
17 

m 

12 
11 
lOi 



At 450,000 pounds the links were examined, 
the first link fractured at the weld. 



At 491,000 poimds 
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Marks on specimen^ 229-1 . 
Kind of links, open. 



Length of links before testing 

At 24J),000 poimds tbe length was. 

Width of links before testins: 

At 245,000 poimds the width was. 



Ineket. 



Iftchei. 
16 



Inehea. 



At 250,000 pounds the second link fractured at the weld. 

FBOOF STBESS APPUBD TO BUSQ CHAINS FOB WATEBTOWN ABSBNAL. 

Nominal size of wire in chain, three-fourths inch. 
Proof stress required, 16,000 pounds tension. 
Elongations measured on length of 48 inches. 
Sling chain consists of two lengths of chain with hooks at the 
ends. The other ends are connected to rings. 

Two lengths^ H-inch ring, 6 inches inside diameter^ i^nch chain, 
[ElcDgation in 48 inches.] 



Diameter 
of wire.. 


0.76 inch. 


0.76 indi. 


^sr 


Part A. 


PartB. 


PoUTlds. 

200 

16,000 

200 


Inches, 


1.95 
1.76 


Inches, 


1.90 
1.76 



Two lengths, li^nch ring, 5} inches inside diameter, f-tnc^ chain. 
[Elongation in 48 inches.] 



Diameter 
of wire.. 


0.75 inch. 


0.75 inch. 


^iS^ 


Part A. 


PartB. 


Pounds, 

200 

16,000 

200 


Inches, 



Inches, 


1.48 
1.31 







Part A. At 14,900 pounds the second link from hook fractured. 
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Diameter 

OfwiTB.. 


0.74 indL 


a74lllfliL 


^^ 


Part A. 


PartB. 


Ptmndt, 

900 

16,000 

200 


' 
2.96 
2.86 


InOiet. 


2.88 
2.70 



Two lengths, li-inch ring, 5^ inches inside dioTneter, i^neh chain, 

[Elangatioa la 48 incbea.] 



Diameter 
of wire.. 


0.74 indi. 


0.76 iDoh. 


^issr 


Part A. 


Parts. 


Poundi. 

200 

16,000 

20O 


IwAet. 


2.09 
1.96 


/ficftet. 


1.80 
1.80 



Ttoo lengths, li^nch ring, 6 inches inside didmeter, i-inch chain. 
[Elongation In 48 inohes.] 



Diameter 
of wire.. 


0.74 inch. 


0.75 inrl). 


A^ 


Part A. 


PartB. 


Pounds, 
16,0d0 


Inches, 

U 

2.09 


Indm, 


2.48 
2.82 



Links in both parts were stiff before test, and were also stiff after 
test. 

Two lengths, IfanM ring, 6 inches inside diameter, {-inch chain, 
[Elongation in 48 iDdbea.] 



Diameter 
of wire.. 


0.74 inch. 


0.76 inch. 


i^ 


Part A. 


PartB. 


Powidt. 
200 

200 


/ncftes. 


2.50 
2.40 


Indtes, 


1.86 
1.80 



^ Part B. Links rather stiff before test. Scarf from twenty-third 
link from ring opened. 
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Two lengths f H^rich ririg, 6\ inches inside diameter ^ \-inch chain. 
[ElaDgatkn in 48 tnchfls. ] 



Diameter 
of wire.. 


0.74 inch. 


0.74 incsh. 


^.S^ 


Part A. 


PartB. 


PottlMb. 

200 
200 


Indus. 


2.61 
2.60 


Indus. 







Part B. First link fractured at 12,400 pounds (link next to hook). 

Tvx) lengths, H-iruih ring, 5} inches inside diameter, }-tncft chain. 
[Elongation t^ 48 inches.] 



Diameter 
of wire.. 


0.73 inch. 


0.74 inch. 


^.SSf 


Part A. 


PartB. 


Pounds. 

200 

16,000 

200 


Indies. 


2.45 
2.34 


Indus. 


2.55 
2.45 



Links rather stiff. 

Two lengths, i J-incA ring, 6^ inches inside diameter, i-inch chain. 
[Elongation in 48 inches.] 



Diameter 
of wire.. 


0.75 inch. 


0.76 inch. 


AST 


Part A. 


PartB. 


Povmds. 
200 

200 


Indus. 


1.90 
1.84 


Indus. 


1.64 
1.53 
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Nominal size of wire in chain, ^ inch. 

Proof stress required, 7,000 pounds tension. 

Elongation measured on length of 48 inches. 

Sling chain consists of four and two lengths of chain with hooks 
at the ends. The other ends are connected to a l^-inch ring, Sc- 
inches inside diameter. 

jPbur lengthSy ^ inch chain. 

[Elongatkiii in 48 inches.] 



Diameter 
of wire.. 


0.52 inch. 


0.52 indi. 


0.62 inch. 


0.52 inch. 


Remarks. 


^'T 


Part A. 


Parts. 


Parte. 


PartD. 


Pounds, 

200 

7,000 

200 


Inches, 


2.25 
2.09 


Inches, 


1.49 
1.36 


Inches, 


2.04 
1.93 


Inches. 


1.96 
1.83 


Initial load.. 



[Elongation in 48 inches.] 



Diameter 
of wire.. 


0.52 inch. 


0.52 inch. 


0.52 inch. 


0.52 inah. 


Remarks. 


Applied 
loadik 


Part A. 


Parts. 


Parte. 


PartD. 


Pounds, 

200 

7,000 

200 


Inches, 


2.64 
2.50 


Inches, 


2.55 
2.44 


Indus, 


2.56 
2.40 


Indies. 


2.64 
2.49 





Four lengths J i-inch chain, H-inch ring, 5 inches inside diameter. 
[Elangaticn in 48 inches.] 



Diameter 
of wire... 


0.49 Inch. 


0.48 inch. 


0.48 inch. 


0.49 inch. 


Remarks. 


^^ 


Part A. 


Parts. 


Parte. 


PartD. 


Pmmds, 
20O 

7,000 
200 


Intxes, 


1.80 
1.75 


Indies. 


1.65 
1.56 


Inches, 


2.66 
2.54 


Indies, 



At6,400 pounds 

fkaotond the 

fifteenth link 

from the hook. 


AU the links were still after test. 
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Two lengths, H-indh ring, 6} inch^ innde diameter, f-tncA (hoMi, 
^ (Elongatkm M 48 Mches.] 



DJ&metw 
of wire.. 


0.48 Inch. 


0.48 inch. 


^S 


Part A. 


PartB. 


Pounds. 

200 

7,000 

200 


Inch, 



Inch, 













Part A. At 6,300 pounds fractured the nineteenth link from the 
hook. Fractured at tne weld. 

Part B. At 5,500 pounds fractured the fifth link from the hook. 
Fractured at the weld. 

Two lengihSj 1-inch ring, 5^ inches inside diameter, ^nch chain. 
Elongatian in 48 inches. 



Diameter 
of wire.. 


0.49 inch. 


0.40 inch. 


VoSr 


. Part A. 


PartB. 


^200 

7,000 

200 


Inch, 



Inch, 












Part A. Twelfth link from the hook fractured at 4,800 pounds. 
Part B. Second link from the hook fractured at 4,800 pounds. 

Four lengths, 1-inch ring, 5} inches inside diameter, j^nch chain. 
Elongation in 36 inches. 



Diameter 
of wire.. 


0.50 inch. 


0.50 inch. 


0.49 inch. 


0.50 inch. 


^sr 


Part A. 


Parts. 


Parte. 


PartD. 


Pounds. 

200 

7,000 

200 


Inches, 


2.70 
2.55 


Inches, 


2.05 
2.51 


Inches, 


2.76 
2.65 


Inches. 








Part D. Third link from ring fractiured at 7,000 pounds. 
Three lengths, l^-inch ring, 6 inches inside diameter, i^nch chain. 



Elongation in 36 inches. 



Diameter 
of wire.. 


0.49 inch. 


0.40 inch. 


0.48 inch. 


isr 


Part A. 


PartB. 


Parte. 


Pounds, 

200 

7,000 

200 


Inches. 


1.74 
1.60 


Inches. 


2.14 
2.04 




1.94 

1.86 



Part B. Fractxired the eye in hook at 7,000 pounds. 
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Two len§ih$, H^nch ring^ 4i inc^ intide diameter ^ -f^^imxh cAoin. 
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Diameter 
of win.. 


0.43 inch. 


0.43 Ineh. 


1^ 


PartA. 


PartB. 


Pownds, 

aoo 

5,000 
200 


InOm. 


1.85 
1.73 




1.76 

1.60 



Part B. Link near hook rather bad. 

Four lenfftha, li4nch ring, Si inches innde diameter, ^f^nch chain, 
ElongBtloii in 48 inches 



Diameter 
of wire.. 


0.42 inch. 


0.40 inch. 


0.42 inch. 


0.42 inch. 


^.SS? 


PartA. 


PartB. 


Parte. 


PartD. 


Pounds. 

200 

5,000 

200 


Inches. 


2.60 
2.48 


Inches. 


0.40 
.40 


Inches. 


1.83 
1.70 


Indies. 


2.75 
2.75 



Part B is ^-inch chain. 

Tiuo lengths, l\^nch ring, 6\ inches inside diameter, (-tncA chain. 
[Elongation in 48 inches.] 



Diameter 
of wire. 


0.62 inch. 


0.62 iaoh. 


^^r 


PartA. 


PartB. 


Pounds. 

200 

11,000 

200 


Indies. 


3.80 
3.72 


Indus. 


3.80 
3.70 



links rather stiff. 



Four lengths, J^-inch ring, 6} inches inside diameter, i4ndi chain. 
[Elongation in 48 inches.] 



Diameter 
of wire.. 


0.67 inch. 


0.67 hich. 


0.67 inch. 


0.67 inch. 


AS^ 


PartA. 


PartB. 


Parte. 


PartD. 


Pounds. 
200 


Indies. 


1.24 
1.20 


Indies. 


1.14 
1.07 


Indies. 


1.18 
1.09 


Indies. 


1.65 
1.60 



69136*— 16 6 
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Two lengthSf t-inch ring, 7^ indies inside diameUr, If^nM dutin. 
[Elaagatkm jn 48 inches.] 



Diameter 
of wire.. 


l.lOinches. 


LlOlnches. 


Assr 


Part A. 


PartB. 


Pounds. 
200 

200 


Inches. 


4.66 
4.52 


Inches. 


4.68 
4.56 



1 See Kent, p. 307. 



links rather stiff. 



TtDO lengthSf fS-inch ring, 7^ inches inside diametery H^ineh chain. 
[Elongation in 48 inches.] 



Diameter 
of wire.. 


LlOinohes. 


LUindies. 


Applied 
loads. 


Part A 


PartB. 


Pounds. 

200 

40,000 

200 


Inches. 


4.80 
4.66 


Inches. 


4.60 
4.40 



links rather stiff. 



Two lengths, £4nch ring, 7J inches inside diameter, l\4ruih diam. 
[Elongation in 48 inches.] 



Diameter 
of wire.. 


LlOinches. 




v^r 


Part A. 


PartB. 


Pounds. 

200 

40,000 

200 


Inches. 


2.06 
1.90 


Inches. 


2.66 
2.43 



Turn lengths, 2-mch ring, 7 inches inside diameter, 
[Elongation in 48 inches.] 



Diameter 
of wire.. 


1. 12inQhes. 


1.12inohe8. 


"^^ 


Part A. 


PartB. 


Pounds. 

200 

40,000 

200 


Inches. 


2.34 
2.22 


Indtes. 


2.66 
2.60 
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PBOOF STBESSXS APPIZED TO NINE BUNQ CHAINS FOB WATEBTOWN 

ABSENAL. 

Sling chains consist of two and four lengths of cham with hooks 
at the ends. The other ends are connected to a ring. 

Proof stress appUed was two-thirds the load laid down in memo- 
randum 3363. 

Elongation measured on a length of 48 inches. 

Foitr porta f l^^nch ringy 5.75 inches inside diameter ^ ^-inch chain. 
[Elongation in 48 inches.! 



Diameter 
of wire.. 


0.50 inch. 


0.50 inch. 


0.50 inch. 


0.50 inch. 


Yosr 


Part A. 


PartB. 


Parte. 


PartD. 


Pwndt. 

200 

4,667 

200 


Inch. 


0.35 
0.22 


Inch. 


0.33 
0.20 


Inch. 


0.30 
0.20 


Inch. 


0.23 
0.13 



Four parts, i J-tncft ring, 5.57 inches inside diameter y \4n4ih chain. 
[Elongation in 48 inches.] 



Diameter 
of wire.. 


0.50 inch. 


0.50 inch. 


0.51 inch. 


0.51 inch. 


^fosr 


Part A. 


PartB. 


Parte. 


PartD. 


Pounds. 

200 

4,667 

200 


Inch. 


0.21 
0.06 


Inch. 


0.25 
0.14 


Inch. 


0.26 
0.15 


Inch. 


0.26 
0.14 



Two parts, li^nch ring, 5.50 inches inside diamMer^ J-inc^ chain. 
[Elongation in 48 inches.] 



Diameter 
of wire.. 


0.61 inch. 


0.61 hich. 


^f.sr 


Part A. 


PartB. 


Pounds. 

200 

7,333 

200 


Inches. 


1.47 
1.38 


Inches. 


1.50 
1.39 
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Two parts, H^nth ring, 6i inches inside diameter, D-i'ne^ fham, 
[Elongatfton in 48 inches.] 



Diameter 
of wire.. 


0.60 inch. 


0.60 inch. 


^Fcsr 


Part A. 


Parts. 


Poundf. 

200 

9,000 

200 




0.27 

0.10 


Jwik. 


0.23 
0.08 



Two parts^ l^ndi ring, 4i inches inside diameter, ^nch chain. 
[Elongation in 48 inches.] 



Diameter 
of wire.. 


0.73 innh. 


0.73 inch. 


^BT 


Part A. 


Parts. 


Poundt. 

200 

10,667 

200 




0.50 

0.36 


/nek. 


0.48 
0.40 



Two parts, l^^nch ring, 6J inches inside diameter, ^nch chain, 
[Elongation in 48 inches.] 



Diameter 
of wire.. 


0.72 inch. 


0.72 inch. 


^£sr 


Part A. 


Parts. 


Pwnds. 

200 

10,667 

200 


7«(*. 


0.04 
0.75 


Ineft. 


1.03 
0.85 



i 
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Two parUj 2i-inch ring, 5} inches inside diameter , i4neh dutin, 
[Elongation in 48 inctafls.] 



85 



Diuneter 
of wire.. 


0.73 inch. 


0.74 inch. 


^sr 


Part A. 


PartB. 


Pawidt. 

200 

10,667 

'200 


Inch, 


0.62 
0.41 


Jndk. 


0.45 
0.27 



TiDO parts, Ij-tncA ringy 6i indies inside diameter, I4ndi chain. 
[Elongation in 48 inches.] 



Diameter 
of wire.. 


a74inch. 


a74inch. 


^«sr 


Part A. 


PartB. 


Povmdt. 
200 

200 


Awl. 



aso 

0.10 


Imk. 


a2s 

0.12 



One part, H^nch links at the ends, t,6 by 11 inches long inside dimensions, l-inch chain, 

[Elongation in 48 inches.] 



Diameter 
of wire.. 


1.00 inch. 


^i?sr 


Part A. 


Poundt, 

200 

90,000 

200 


Inch. 


0.50 
0.30 
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PBOOF STRESSES APPLIED TO SIX SUNQ CHAINS FOB WATEBTOWK 

ABSENAL. 

Sling chains consisted of two and four lengths of chain with hooks 
at the ends. The other ends were connected to a ring. 
Proof stress apphed was two-thirds of the load required. 
Elongation measured on a length of 48 inches. 

Four partSy H-inch ringy 5i inches inside diameter^ ^-inch chain. 
[Elongatkm in 48 inches.] 



Diameter 
of wire.. 


0.52 inch. 


0.61 inch. 


0.51 inch. 


0.51 inch. 


^£sr 


Part A. 


PartB. 


Parte. 


PartD. 


Pounds. 

1200 

4,667 

200 


Indi. 


0.19 
a09 


Inch. 


0.21 
a 10 


Indi. 


a21 
a06 


Iwh. 

a24 

a 10 



1 Initial load. 

Thoo partSy i-inch chain, l{-inch ring, 5^ inches inside diameter. 
[Elongation in 48 inches.] 



Diameter 
of wire.. 


0.61 inch. 


0.61 inch. 


^Esr 


Part A. 


PartB. 


Pounds. 

1200 

7,333 

200 


Inches. 


1.14 
1.09 


Inches. 


1.19 
1.14 



1 Initial load. 

7hiH> parts, i4nch chain, i^-iTicA ringy 6 inches inside diameter. 
jElongation in 48 inches.] 



Diameter 
of wire.. 


0.76 inch. 


0.74 inch. 


Agpued 


Part A. 


PartB. 


Pounds. 

1200 

10,667 

200 


Inch. 


a41 
a26 


Inch. 

a90 

a7i 



1 Initial load. 



Digitized by LjOOQIC 



CHAIN. 

Two parts, i-inch dutin, H-inch ring, 6.75 inches inside diameter. 
[Elongation in 48 inches.] 
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Diameter 
or wire.. 


0.74 inch. 


0.74 inch. 


^sr 


Part A. 


PartB. 


Pounda. 

1200 

10,667 

200 


Inch. 


a 41 
a 34 


Inch. 


0.36 
a26 



1 Initial load. 

Two parts, i-inch chain, l^-inch ring, 6 inches inside diameter. 
[Ekmgatksi in 48 inches.] 



Diameter 
of wire.. 


0.74 inch. 




^£sr 


Part A. 


PartB. 


Poands. 

1200 

10,667 

200 


Indi, 


a21 
a 13 


Ji«A. 


a46 
a24 



1 Initial load. 

Two parts, l-inch chain, l^-inch ring, 6 inches inside diameter. 
[Elongation in 48 inches.] 



Diameter 
of wire.. 




0.76 inch. 


^& 


Part A. 


PartB. 


Pound*. 

1200 

10,667 

200 


Inch. 


a 36 
a24 


Inch. 


0.30 
a24 



1 Initial load. 
Chain. 



Diameter 
of wire. 


Number 
of links. 


Outside 

length of 

links. 


Outside 

width of 

links. 


Tensile 
strength. 


Manner of foOure. 


Inch. 
0.67 

0.67 



11 


Inches. 
2. 62 to 2. 68 

2. 65 to 2. 70 


Inches. 
1.88 to 1.86 

1.88 to 1.03 


Pounds. 
18,900 

15,100 


Fractured third link of chain 

at welded end. 
Fractured fourth link of chain 

at welded end. 
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TESTS OF BBONZES FOB BELATIVE WEAB AVD COEFFICIENT 

OF FBICTIOV. 

The machine used in the test is shown in figure 1. The specimen 
after being machined to the radius of the wheel is placed in the 
holder A. It is held against the wheel by weights on the end of the 
lower lever B, which gives the load on the specimen. The fric- 
tion load is read on the upper lever C. Specimens of four di£Eerent 
kinds of bronze were tested imder various conditions. 

The composition of the bronzes was as foUows: 



BnnuEe. 


Cu. 


Sn. 


Zn. 


Pb. 


AL 


Fe. 


Mil 


A 

B 
C 
D 


69.14 
83.28 
81.73 
60.40 


0.88 
13.0 
11.0 

0.40 


37.37 
3.71 
6.1 

38.66 




0.76 


1.68 


0.22 




2.1 










0.11 











Phyncdl properties. 





TensOe 


. EIoDga- 


Contrao- 


Marks. 


strengfh. 


tion. 


tton. 




Pounds per 








square inch. 


Percent. 


Percent. 


A 


62,400 


34.0 


81.6 


B 


19,600 


1.6 


2.0 


C 


16,800 


2.0 


2.0 


D 


62,600 


48.6 


46.2 



OIL LUBRICATION. 

A pan below the friction wheel was filled with machine oil and this 
fed to the wheel by a felt pad in contact with it at its lowest point. 
No changes were made in this oiling device from the time it was 
started imtil all the oil tests had been completed. 

Each of the specimens A, B, C, and D was run for 200 hours, after 
which a second specimen of metal, A, was run for 200 hours at a 
bearing pressure of 600 pounds per square inch on the friction wheel. 
Three specimens of bronze B were then run at bearing pressures of 
700, 800, and 900 pounds per square inch, respectively, it was found 
impossible to obtain any data on the specimen nm at 900 pounds 

f)er square inch, owing to impossibihty of running the machme any 
ength of time, due to the excessive heating of the bearings and 
the seizing of the specimen. Each specimen was run about 10 hours 
before any readings were taken, in order to secure an eveli bearing 
on the wheel. 

Readings were taken of the friction load, and readings of the 
speed of the friction wheel were taken by means of a revolution 
90 
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FBICTION TEST OF BRONZES. 



counter. The former was the reading of the upper scale beam, 
which measured the tangential force exerted on the specimen. 

The lever ratios were measured and found to be substantially cor- 
rect. A check was obtained upon the accuracy of the upper system 
of levers which measured the friction load by suspendmg known 
weights in place of the specimen. The error was within 2 or 3 per 
cent; and decreased as the load was increased. The knife edges 
being of soft material (cast iron) were necessarily of large radius to 
avoid crushing. This accounts for the lack of sensitiveness in the 
apparatus. Usually the friction loads would be determined within 
on^pound. 

The wear of the specimen was obtained bv weighing before and 
after each test, and also by measuring the thickness at the middle 
of the length by means of a micrometer. The test data is as follows: 

Spedmen A, 
[Nomial presson, 600 pounds per sqtian iiieli.] 



Date. 


Time. 


Total 

hOOXB 

run. 


Speed 
(r.pjn.). 


Speed 
(feet 

ate). 


Prio- 
tion 
load 

ai».). 


Remaiks. 


Deo. 80 


9 





85 


695 


150 


Weiglit of specimen, 16,866 grains. 


Jan. 3 





8 


90 


630 


151 






3 
4 


12.5 
14.5 






156 
166 




oi"' 


"*637" 




10 


17 


90 


630 


157 






13 


19 


90 


630 


157 






3.46 


31.36 


91 


687 


155 






8 


33 


85 


695 


161 






11 


36 


89 


638 


156 






3.ao 


39 


93 


644 


158 






4 
9.80 


38.75 
81.6 






158 
155 


Weight, 16M giains; thloihaieBB, U»68 to 


M* 


'"ids"' 




L80 
8 


85 

86.6 






148 
146 




io"* 


■"680*' 




laao 


88l6 


90 


630 


147 






3 


42.5 


90 


630 


146 






10.4S 


48 


90 


630 


146 






U.46 


48.76 


88 


628 


146 


* 




8.80 


53 


90 


630 


144 






9 


64 


90 


630 


147 






11.80 


66.6 


90 


630 


146 






1.65 


68.6 


90 


630 


146 


Shaft ran hot; ran 8 hoon with no load. 


U 


9 


61.6 


86 


603 


146 






13.46 


04.75 


80 


623 


142 






3.85 


66.5 


93 


644 


140 


. 




4 


68 


93 


644 


139 




13 


&30 


68.76 


86 


602 


147 






11.46 


73 


91 


637 


141 






1.60 


73.36 


91 


637 


143 






4 


75.75 


91 


637 


143 


Weight, 16,858 grains; thiekneae, 1J661 to 


13 


12.46 


76 


87 


609 


137 




2.80 


77.75 


90 


630 


131 






4.15 


79.6 


93 


644 


136 




15 


9.80 


81.36 


90 


680 


137 






Lao 


84.75 


91 


637 


137 






8 


86.36 


91 


637 


137 




16 


9 
11.80 


88.75 
91.35 






136 
136 




w" 


""m" 




1 


93.36 


90 


630 


136 




17 


&15 


96 


88 


581 


140 






U 


98.75 


89 


623 


140 






L80 


100.76 


90 


630 


140 


Wei^t, 16353 grains; thickness, 1.546 to 
LOd inches. Motor driving the appa- 
ratus required about 4 to 5 amperes at 


























320 volts. 
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Specimen -4— Continued. 
SECOND 100 HOURS. 



Dftte. 


Time. 


Total 
hours 
run. 


Speed 
(r.p.m.). 


Speed 
(feet 
per 
min- 
ute). 


Frfe- 
tlon 
load 
(lbs.). 


Remirks 


Feb. 96 


9 


101.75 


84 


588 


138 


Weight, 16347 gmtais; thlcknev, 1.5457 to 




3 


105.75 


91 


637 


183 






4 


107.75 


93 


644 


130 




37 


ia45 


111.5 


91 


637 


135 






11.15 


113 


91 


637 


184 






1.15 


113 


88 


616 


136 






4.45 


116.5 


91 


637 


135 




38 


8.15 
13 
3 


117 

130.75 

131.75 


87 


609 


134 
133 
133 




ii" 


"637** 


30 


8.30 

1 

3.15 


135. 3S 
138.75 
130 


86 


603 


133 
184 
133 




96* 


*'"636" 


Mar. 1 


8.30 


133.36 


86 


603 


133 






1 


136.76 


89 


633 


184 






8.15 


141 


85 


505 


183 






11.30 


144.35 


89 


633 


131 






L30 


145.35 


89 


633 


181 






9 


149.75 


87 


609 


183 






3.15 


154 


91 


637 


133 






9 


157.75 


88 


616 


139 






3 


169.76 


91 


637 


130 






8.45 


171.5 


89 


633 


130 






iai5 


175 


90 


630 


130 






4.45 


180.5 


93 


644 


130 






9 


181.75 


87 


609 


130 






4 


187.75 


91 


637 


130 






8.30 


189.35 


89 


633 


133 






1L15 


193 


90 


630 


130 




11 


ia30 


199.35 


89 


633 


133 






3.30 


303.35 


93 


644 


130 




13 


8.15 


305 


86 


603 


131 


We^ 16,845 gnina; thidmess, 1.5569 to 
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Specimen B. 
[Nonnai presBOie, 600 poonds per square Inch.] 



Date. 


Time. 


Total 
hours 
run. 


Speed 
(r.p.m.). 


Speed 
(feet 
per 
min- 
ute). 


Fric- 
tion 
load 
(lbs.). 


Remarks. 


Jan. 19 


8.16 


as 


88 


616 


127 


Weight, 16^ grains; thickness, 1.5448 to 
















11 


3.25 


90 


630 


118 






12.45 


4.5 


88 


616 


120 






4.15 


8 






120 




20 


9 


9.25 


87' 


""m 


121 






11 


11.25 


89 


623 


122 






1 


12.75 


91 


637 


121 






3 


14.75 


90 


630 


119 




22 


&15 


16.5 


87 


609 


120 






11 


19.25 


89 


623 


120 






1.30 


21.25 


90 


630 


120 






3 


22.75 


92 


644 


119 




23 


10.15 


26.5 


91 


637 


119 






1.30 


29.25 


92 


644 


119 






3.15 


31 


91 


637 


119 


* 


24 


1 


36.75 


91 


637 


118 




25 


9 


41.25 


88 


616 


120 






1.15 


45 


90 


630 


119 






4 


47.75 


91 


637 


117 




26 


11 


51.25 


89 


623 


120 






2 


53.75 


90 


630 


120 




27 


4 
8.30 


55.75 
56.75 






120 
122 


^ 


88* 


'"'eie' 




11.15 


59.5 


89 


623 


120 






2 


61.75 


90 


630 


122 






4 


63.75 


92 


644 


121 




29 


8.15 


64.5 


84 


588 


121 






1.15 


60 


90' 


630 


120 






4 


71.75 


91 


637 


120 




30 


&30 


72.75 


86 


595 


119 






12 


76.25 


90 


630 


119 






2 


77.75 


9r 


637 


120 




31 


8 


80.25 


86 


602 


120 






1 


84.75 


91 


637 


120 






3.15 


87 


93 


651 


118 




Feb. 1 


9.30 


89.75 


89 


623 


119 






11 


91.25 


90 


630 


119 






2 


93.75 


91 


637 


120 






4 


95.75 


92 


644 


120 




2 


9.30 


97.75 


89 


623 


119 






1 


100.75 


89 


623 


118 


Weight, 16.970 grains; thickness, 1.6438 to 
1.5515 inches; current, 4 amperes. 















SECOND 100 HOURS. 



Mar. 12 


10.30 


103.25 


91 


637 


125 


Weighty 16^70 grains; thickness, 


1.5438 to 




2.30 


106.25 


90 


630 


128 








4.30 


108w25 


89 


623 


125 






13 


9.30 


110.25 


90 


630 


129 








1.30 


113.25 


80 


623 


127 








4.46 


116.5 


94 


658 


126 






14 


11 


119.75 


90 


630 


132 








2 


121.75 


89 


623 


130 






15 


10 


126.75 


90 


630 


130 








3 


130.75 


91 


637 


129 






16 


10.30 


135.25 


90 


630 


128 








4.15 


140.25 


92 


644 


128 






18 


9.30 


142.25 


90 


630 


130 








1 


144.75 


90 


630 


129 








4 


147.75 


90 


630 


127 






19 


9 


149.75 


88 


616 


125 








11.30 


152.25 


90 


630 


118 






20 


11.15 


160 


89 


623 


122 








1.30 


161.25 


89 


623 


118 






21 


3.15 


171 


90 


630 


123 






22 


9.46 


174.5 


88 


616 


126 








2.46 


17a^ 


90 


630 


120 






23 


9.30 


182.25 


86 


602 


123 








4.30 


188.25 


90 


630 


124 






25 


9.15 


190 


85 


595 


120 








11.46 


192.6 


89 


623 


123 








2.46 


193 


91 


637 


121 






26 


10.30 


199.25 


89 


623 


123 








2.15 


202 


91 


637 


121 


Weight, 16,958 grains; thickness. 


1.5419 to 
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Specimen C. 
[Nonnal pressure, 600 pounds per square inch.] 



Date. 


Time. 


Total 
hours 
run. 


Speed 
(r.p.m.). 


Speed 
(feet 
per 
min- 
ute). 


Fric- 
tion 
load 
(lbs.). 


Remarks. 


Feb. 


8.45 


7.26 


85 


595 


131 


Weight^6,915 grains; thidmess, 1.5618 


10 


8.30 


7.75 


84 


588 


123 




2.15 


12.50 


90 


630 


121 




12 


9.00 


16.25 


89 


623 


122 






1.30 


19.75 


89 


623 


121 




13 


9.00 


24.25 


87 


609 


121 






3.45 


3a 00 


91 


637 


121 




14 


9.00 


32.25 


87 


609 


120 






1.30 


35.75 


89 


623 


120 




15 


9.30 


40.75 


89 


623 


120 






11.45 


43.00 


90 


630 


120 




16 


12.00 
1.15 


51.25 
51.50 






120 
115 




io" 


"'"636* 




4.45 


55.00 


93 


651 


116 




17 


8.45 


56.00 


87 


609 


107 






2.15 


60.50 


92 


644 


108 






5.00 


63.25 


94 


658 


107 




19 


8.15 


63.50 


85 


595 


113 






1.15 


67.60 


89 


623 


112 




20 


10.30 


73.75 


90 


630 


111 






2.30 


76.75 


90 


630 


110 




21 


9.30 


80.75 


89 


623 


110 






2.30 


84.75 


89 


623 


110 






4.30 


86.76 


91 


637 


110 




23 


8.15 


87.50 


86 


602 


115 


. 




4.45 


> 95.00 


90 


630 


113 




24 


10.15 


97.50 


91 


637 


112 






4.30 


102.75 


91 


637 


112 


Weight, 16,906 grains; thlclmess, 1.5612 
to 1.6583 mches. Current, 4 amperes. 














1 




103.25 

















SECOND 100 HOURS. 



Mar. 27 


8.46 


104.00 


89 


623 


100 


""^hd'&r^'' "^"^ ^*" 
















1.00 


107.00 


88 


616 


109 






4.30 


110.76 


91 


637 


107 




28 


9.16 


112.60 


87 


609 


111 






1.46 


116.00 


91 


637 


110 






3.45 


118.00 


91 


637 


110 




29 


8.30 


119.76 


86 


602 


HI 






10.16 


121.60 


88 


616 


110 






3.45 


126.00 


91 


637 


109 




30 


8.15 


127.50 


87 


609 


111 






1.00 


131.25 


89 


623 


111 






2.30 


132.75 


91 


637 


111 




Apr. 1 


8.30 


135.75 


86 


602 


110 






laoo 


137.25 


89 


623 


115 






11.46 


139.00 


90 


630 


115 






8.15 


143.50 


87 


609 


121 






10.00 


145.25 


89 


623 


111 






2.00 


148.25 


89 


623 


111 






10.30 


153.75 


89 


623 


115 






2.45 


167.00 


91 


637 


116 






4.45 


159 00 


91 


637 


116 






9.00 


160.25 


89 


623 


116 






10.30 


161. 76 


91 


637 


117 






1.45 


164.00 


91 


637 


114 






4.00 


166.25 


92 


644 


116 






10.00 


169.25 


90 


630 


117 






2.15 


172.60 


91 


637 


117 






4.45 


175.00 


91 


637 


118 






8.00 


175.25 


86 


602 


116 






10.45 


178.00 


89 


623 


118 






3.30 


181.76 


92 


644 


114 






8.30 


183.75 


84 


688 


115 






11.30 


186.75 


91 


637 


117 






3.45 


190.00 


91 


637 


114 


, 




&15 


191.60 


87 


609 


116 






laoo 


193.25 


88 


616 


118 






2.30 


196.75 


91 


637 


118 




10 


10.00 


201.25 
203.26 


89 


623 


120 


Weight. 16,900 grains; thickness, 1.6683 
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Specimen D. 
[Normal pi e aaui e, 600 pounds per square tDdi.) 



Date. 


Time. 


Total 
hours 
ran. 


Speed 
(r.p.m). 


ute). 


Frlo- 
tton 
load 
abs.). 


Remarks. 


1012. 


. 












June 7 


LOO 









156 


We^ 17 J4S grains; thJekness, U757 to 




L45 


a75 


87 


600 


142 




5.00 


4.00 


04 


658 


140 




8 


0.45 


5.75 


90 


630 


147 






11.00 


7.00 


90 


630 


145 






2.45 


9.75 


02 


644 


144 




10 


&45 


12.34 


89 


623 


123 






2.30 


18.12 


89 


623 


116 




11 


a 15 
&45 


20.15 
20.75 






128 
122 




87' 


"■'609* 




11.45 


23.34 


89 


623 


120 






4.00 


2&00 


91 


637 


119 




U 


8.45 


2a 75 


89 


623 


122 






1L30 


31.50 


91 


637 


121 






3.00 


34.00 


91 


637 


118 






4.30 


35.50 


92 


644 


118 




13 


ia30 


3&50 


91 


637 


120 






4.30 


43.50 


92 


644 


121 




14 


&15 


44.25 


86 


602 


125 






1L45 


47.75 


90 


630 


121 






3.00 


50.00 


91 


637 


118 






4.45 


51.75 


91 


637 


110 




16 


&30 


52r50 


83 


581 


125 






11.45 


55.75 


90 


630 


124 






5.00 


6a 00 


92 


644 


120 




17 


&15 


60.25 


86 


602 


129 






10.45 


6Z75 


91 


637 


122 






L30 


64.50 


89 


623 


118 






3.15 


66.25 


88 


616 


119 






4.45 


67.75 


92 


644 


119 




18 


&15 


6^25 


86 


602 


128 






11.45 


71.75 


90 


630 


122 






4.00 


75.00 


89 


623 


119 






5.00 


76.00 


92 


644 


120 




19 


8.15 


76.25 


86 


602 


126 






11.45 


79.75 


92 


644 


123 






2.15 


81.25 


92 


644 


119 






4.30 


83.50 


92 


644 


119 




20 


9.45 


85.75 


90 


630 


122 






1.30 


88.50 


90 


630 


117 




21 


8.15 


92.25 


84 


588 


123 






10.30 


94.60 


90 


630 


119 






3.00 


98.00 


92 


644 


119 




24 


8.00 


100.00 








Welgbt, 17^43 grams; thickness, 1.5751 to 








July 18 


. 9.15 


101.15 


87 


609 


120 






4.30 


107.30 


92 


644 


117 




19 


ia30 


lia30 


90 


630 


116 






4.15 


116.15 


90 


630 


116 




23 


1.05 


133.05 


86 


602 


119 




24 


9.00 


138.00 


88 


616 


118 






1.30 


141.30 


88 


616 


118 






4.00 


144.00 


92 


644 


119 




- 25 


1.15 


149.15 


90 


630 


119 






4.45 


152.45 


93 


651 


119 


weight, 17^ grains; tliidkness, 1.5737 to 


26 


3.45 


159.45 


95 


665 


119 




27 
29 


4.00 
11.00 


165.00 
168.00 










88* 


**'*6i6* 


*"i2i" 




3.00 


171.00 


90 


630 


120 




30 


10.00 


175.00 


90 


630 


121 






2.30 


178.30 


90 


630 


119 




31 


9.30 


182.30 


88 


616 


122 






4.00 


189.00 


90 


630 


119 




Aag. 1 


4.00 


196.00 


88 


616 


124 




2 


10.30 


199.30 


89 


623 


124 






4.30 


204.30 


90 


630 


124 


Weight, 1V40 grains; thfekntts, 1.6781 to 
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Second specimen from A. 
p^ omial pressure, 600 pounds per square inch.] 



Date. 


Time. 


Total 
hours 
ran. 


Speed 
(r.p.m.). 


SjDeed 
(leet 

min- 
ute). 


Fric- 
tion 
load 
(lbs.). 


Remarks. 


1912. 














Sept. 27 


9.00 





86 


602 


140 


Weight, 16,945 grains; thickness, 1.5609 to 




11.00 


2 


91 


637 


136 




4.00 


6 


90 


630 


136 




28 


9.00 


8 


88 


616 


140 






11.30 


10.50 


90 


630 


138 




30 


9.00 


12.00 


90 


630 


139 






3.00 


17.00 


91 


637 


140 






4.30 


18.50 


90 


630 


138 




Oct. 1 


9.00 


20.00 


91 


637 


138 






4.00 


26.00 


90 


630 


138 


Weight, 16,944 grains; thickness, 1.5609 to 
11.5607 inches. 


2 


9.00 


27.00 


84 


588 


149 






4.00 


33.00 


90 


630 


143 




3 


3.00 


40.00 


91 


637 


144 




4 


10.00 


44.00 


90 


630 


145 






4.00 


49.00 


91 


637 


146 


Weight, 1^ grains; thickness, 1.5608 to 


5 


1.00 


54.00 


87 


609 


127 




7 


1.00 


62.00 


87 


609 


125 






4.00 


66.00 


88 


616 


136 




8 


1.00 


70.00 


88 


616 


127 




9 


9.00 


75.00 


90 


690 


125 


Weight, 16,944 grahis; thickness, 1.5608 to 




4.00 


81.00 


92 


644 


136 




10 


11.00 


85.00 


92 


644 


136 






4.00 


89.00 


91 


637 


137 




11 


8.00 


90.00 


91 


637 


141 






4.00 


97.00 


90 


630 


140 




14 


8.30 


98.50 


88 


616 


137 






12.00 


102.00 


91 


637 


140 




17 


4.30 


102.50 


86 


602 


145 


""^fiso."!^*^' *"'*^' '-^ 


18 
19 


5.00 
11.00 


111.00 
114.00 








9i' 


"""637' 


'**'i44' 




3.00 


117.00 


92 


644 


144 




21 


8.15 


119.25 


84 


588 


149 






1.15 


123.25 


89 


623 


146 






3.00 


125.00 








""^^kd'^f^- """*°~' '"^ 




........ 




22 


11.00 


128.00 


90 


630 


154 






3.00 


131.00 


92 


644 


152 




23 


10.00 


135.00 


91 


637 


153 






2.00 


138.00 


92 


644 


153 




24 


10.00 


143.00 


91 


637 


154 






3.00 


147.00 


92 


644 


154 




25 


10.00 
1.00 


151.00 
153.00 


91 


637 


154 


'^^k^'&r'^-' ""*"•"' ••"" 








26 


9.00 


158.00 


90 


630 


148 






3.00 


163.00 


91 


637 


148 




28 


10.00 


167.00 


90 


630 


149 






3.00 


171.00 


90 


630 


149 




29 


11.00 


176.00 


91 


637 


148 






2.00 


178.00 


90 


630 


149 




30 


10.00 


183.00 


91 


637 


148 






3.00 


187.00 


92 


644 


149 




31 


11.00 


192.00 


92 


644 


148 






2.00 


194.00 


91 


637 


149 




Nov. 1 




205.00 








Weight, 16,947 grains; thickness, 1.5606 
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Specimen B. 
[Nonnal pressure, 700 pounds per square inch.] 







Total 


Speed 
(revolu-v 


Speed 
(feet 


Frio- 

tion 

load 

(pounds.) 




Date. 


Time. 


hours 


tions 


per 


Remarks. 






run. 


per 
minute.) 


min- 
ute.) 




1912. 














Oct. 1 


8.30 


7.60 


81 


667 


168 


We^t, 17,000 grains; thickness, 1.5362 to 


2 


11.00 


10.60 


88 


610 


168 






4.00 


14.60 


80 


623 


168 




3 


8.00 


16.60 


85 


605 


168 






4.00 


22.60 


87 


609 


168 




4 


8.00 


23.60 


81 


667 


168 




6 




31.60 








Weight, 16,967 grains; thickness, 1.5336 to 
1.6283 inches. 




















9.30 


31.50 


82 


674 


168 






4.00 


37.00 


90 


630 


168 




7 
8 


"i.66" 


45.00 
49.00 










87 


609 


i65 


9 


8.00 


63.00 


82 


574 


165 






2.00 


58.00 


88 


616 


165 




10 


8.30 


61.50 


85 


595 


165 




11 


8.00 


09.00 


83 


581 


165 






4.30 


76.50 


86 


602 


165 




14 


5.00 
4.00 


77.00 
83.00 










87 


609 


165 


15 


5.00 


84.00 








Weight, 16,966 grains; thickness, 1.5321 to 


















15 


8.30 


84.00 


83 


581 


165 





[Normal pressure, 800 pounds per square hich.] 



1013. 














Sept. 4 


10.00 


0.50 


88 


616 


187 


Weighty 16,992 grains; thickness, 1.5422 to 




10.30 


1.00 


88 


616 


187 




3.00 


4,50 


90 


630 


187 




5 


8.00 


6.50 


82 


574 


192 






2.00 


11.50 


88 


623 


187 




6 


8.00 


14.50 


84 


588 


187 




8 


8.00 


18.50 


84 


588 


187 






10.00 


20.50 


90 


630 


187 






4.45 


26.25 


90 


630 


187 




9 


5.00 


26.50 








Weight, 16,979 grahis; thickness, 1.5403 to 




















10.00 


26.50 


87 


609 


187 




10 


8.00 


32.50 


80 


560 


187 






3.00 


38.50 


88 


616 


187 




11 


8.00 


40.50 


78 


546 


187 






3.00 


46.50 


89 


623 


187 




12 


9.00 


49.50 


82 


574 


187 




13 


10.00 


56.50 


81 


567 


187 




15 


10.30 


61.00 


90 


630 


187 






4.00 


65.50 


88 


616 


187 




16 


9.00 


67.50 


85 


595 


187 




17 




74.50 








Ran warm. Had to stop the machhie. 
Cleaned disk and star ted at 1 .30 p. m. 








17 


2.00 


75.00 


86 


602 


216 


Ran hot. Stopped at 3.30 p. m. 


18 


8.00 


76.50 


82 


574 


216 


Running warm. 


19 


3.30 
3.30 
8.00 










Ran hot. Belts ran oflf. 

Weight, 16,937 grains; thickness, 1.5478 to 
1.5376 Inches. 


83.00 
























As both the friction load and speed of the friction wheel vary some- 
what, an effort was made to find a relati()n between them, but none 
could be f oimd. The speed of the wheel is low in the morning when 
the voltage of the current supplied to the electric motor is lower 
than later in the day. The friction wheel and specimen are both 
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cold at starting, and the temperature rises gradually until it is im- 

{)ossible to bear the hand on them. While it is probable that the 
riction load is a fimction of the temperature, it is believed to be 
independent of the speed of the friction wheel within the range of 
variation found in this work. At least part of the fluctuation of the 
friction load is caused by lack of sensitiveness of the knife edges. 
The high values of friction load obtained^ for specimen A at first is 
probably due to the roughness of the friction wheel. 

Wear of specimens. 
[600 pounds per square inch bearing pressure.) 



Specimen. 


Loss in weight (grains). 


Decrease in thickness 
(inches). 


During 
first 100 
hours. 


During 

second 100 

hours. 


During 
first 100 
hours. 


During 

second 100 

hours. 


A 


12 
10 
10 


12 


0.0003 
.0007 
.0003 
.00036 
.0002 


0.0006 
.00106 
.0001 
.0014 
.0003 


B 


c 


D 

A2 


2 





Specimen B, ' 



Bearing 
pressure. 


Loss in 
weight. 


Decrease 

in 
thickness. 


Pounds. 
700 
800 


Orains. 
36 
66 


Inch. 
a 0057 
.0039 



It was thought that the comparatively large loss of weight in 
specimen A might have been due to the rougn-face friction-wheel 
surface, inasmuch as this specimen was the first one that was placed 
in the machine. Therefore, after the other four specimens had 
been run, a second specimen of A was tested. The results show 
certain imaccountable inconsistencies. During the period from 100 
hours to 125 hours, the second specimen of A showed an increase in 
weight of 5 grains.^ Before this the specimen showed consistent 
loss of weight, and in the weighings following the gain the specimen 
also showed consistent losses in weight, checking well with losses in 
a corresponding length of time during the first 100 hours. It seems, 
therefore, that the gain must have been due to a definite change in 
the scales, and should be treated as a constant error. Even if this 
is granted, the wear on the second specimen of A would be the least 
of any of the pieces, and the^ loss by weight of D would be second, 
although its total decrease in thicKness equals that of B, which 
showea the greatest wear. C has the lowest coeflBicient of friction, 
with D and S following closely in that order. 

1 This weighing was carefully made three times with the same results. 
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GREASE LUBRICATION. 

For these tests the lubricating oil was removed and Keystone 
crease No. 2 supplied from a grease cup attached to the specimen 
shoe. The hole tnrough the specimen holder was continued through 
the specimen, and oil grooves cut on the friction face nearly to tne 
edges of the specimen. A weaker spring was substituted for the one 
in the grease cup. This allowed the cup to be screwed down by 
hand tSree or four times, which fed the grease for several minut^ 
with fairly uniform friction load on the specimen. 

The fact that the lubrication was satisfactory was indicated by the 
nearly uniform values of the friction load. When the grease cup 
was not screwed down at frenuent intervals, the wheel evidently 
became dry, although apparently there was grease on the wheel and 
piled up on the top surface of the specimen in contact with the wheel. 
The upper edge oi the specimen was well rounded in an unsatisfac- 
tory attempt to feed this grease to the bearing surfaces. Failure of 
the lubrication was indicated by violent fluctuations of the friction 
load, which often jumped to 400 or 600 pounds, with fluctuations of 
200 to 300 pounds, also by great rise in temperature, the odor of 
overheated grease, and shrieking of the friction surfaces. If lubrica- 
tion stopped for about half a mmute, conditions became such that it 
was nearly impossible to continue the test. 

The load was 600 pounds per square inch, and the oil cup was 
screwed down as tightly as convement with the hand each mmute, 
and a reading of the friction load taken within 15 or 20 seconds. 

A preliminary run of 10 to 15 minutes was made on each specimen 
before taking these readings, in order to obtain conditions which 
were uniform for the new lubricant. The test data foUows: 

Friction load, 
[Pounds.! 



Time run (minutes). 


Specimen A. 


Specimen 
B, grease. 


specimen 
C, grease. 


Grease. 


Greaae. 


1 


175 
169 
160 
160 
164 
165 
165 
166 
175 
U76 
185 
169 
159 
165 
168 
165 
162 


1200 
148 
146 
155 
159 
180 
190 
200 
163 
170 


196 
177 
176 
164 
152 
151 
148 
136 
133 
130 
125 
123 
124 
124 
122 
123 
123 
125 
127 


165 
136 
129 
127 

• 125 
125 
119 
116 
116 
113 
114 
113 
114 
114 
113 

- 112 
112 


2 


3 


4 


6 


6 


7 


8 


9 


10 


11 


12 




13 




14 




15 




16 . 




17 




18 




19 








20 



















1 These readings were taken after testing specimens A, B, and O, in the order named. 

2 The grease cup was filled at that time. 
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The rapid decrease in the friction load after starting each test is 
probably caused by the increase in the temperature of the specimen. 
As the grease is fed through a hole in the latter, an increase in temper- 
ature increases its fluidity unta it approaches the viscosity of the 
lubricating oil previously used. This is indicated by the values of 
the friction loads for the two lubricants. The values for specimens 
B and C are identical within the errors of observation. The second 
test of specimeij. A, shown by dotted lines on the diaOTam, was made 
after testing the three specimens, as the lower values for friction 
load obtained for specimens B and C indicated that the high temper- 
ature reached after operating for some time decreased the friction. 
The fact that practically the same values were obtained for both 
tests on specimen A shows that this material has a higher coefficient 
of friction for grease than for oil, and that it fluctuates much more 
than for specimens B and C. These tests could not be continued 
long enougn to obtain data on the wear of the specimens. 

Coefficient of friction and wear. 
[For velocity of 600 feet per minute.] 



Specimen. 


Bearing 
pressure 
(pounds 
per square 
inch). 


AveraL 


ere 


Coefficient of friction. 


friction load 
(pounds). 


"OU." 


"Grease." 


A 


600 
600 
600 
600 
600 
700 
800 


132 
123 

118 


0.044 
.041 
.0393 
.0403 
.048 
.0476 
.0475 


0.0543 
.0406 
.039 


B 


C 


D 


A2 






B 


166.5 
190 




B... 








Specimen. 


Bearing 

pressure 

(pounds 

per square 

inch). 


Wear for 1 square inch bear- 
ing surface (in pounds per 
1,000,000 feet). 


"Oil." 


"Grease." 


A 


600 
600 
600 
600 
600 
700 
800 


0.0000154 
.0000844 
.0000575 
.0000348 
.0000116 
.000331 
.000526 


0.0001345 
.000235 
.0000537 


B..... .. . . 


C 


D 


A2 




B 




B ; 

















The loss in weight of specimen A for the first 100 hours is omitted 
and the readings for the second 100 hours averaged in computing 
the wear. The loss of weight ()f the second specimen of A is assumed 
to be 3 grains in the computation of the wear. 

This experiment is being continued on other bearing bronzes. 
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WIBE BOPE. 

[R<qpeprapand for testiiig with closed sockets at the ends. All specinieDS had bemp cons.) 



Description. 



dJame^r. 



Length 
between 



Actual 

sise, 

dJameier. 



Number 

of 
strands. 



Number 
of wires 

per 
strand. 



Galvanized flexible wire rope. 

Plow-eteel crane rope ^ , 

Cast-steel wire rope 

Hoisting ropei 

Plow steel 

Plow-steel hoisting rope 

Steel-wire rope 

Plow-steel hoisting rope 

Plow-steel crane rope 

Plow-steel hoisting rope 

• Do 

Do 

Steel-wire hoisting rope 

Cast-steel hoisting rope 

Steel-wire hoistiiig rope 



Inches, 



1 



FL 
17 

7 

6 

6 

9 



5 

6 

9 

9 

9 

9 
10 

9 

9 



0.29* 



.53 
.67 
.58 
.58 
.94 
1.03 
1.03 
1.08 
1.05 
1.52 
1.61 



18 
87 
19 
87 
19 
19 
19 
19 
37 
37 
37 
37 
19 
19 
25 



Deseription. 



Diameter of 
wire. 



Breaking 

strength. 



Parted. 



Galvanised flexible wire rope 

Plow-steel crane rope » 

Cast-steel wire rope 

Hoisting rope i 

Plow steel 

Plow-steel hoisting rope 

Steel-wire rope 

Plow-steel hoisting rope 

Plow-steel crane rope 

Plow-steel hoisting rope 

Do 

Do 

Do 

Cast-steel hoisting rope 

Steel-wire hoisting rope 



Inch. 

a 018 

.017 

.027 

.017 



.032-. 041 

.025-.033 

.045 

.037-. 052 

.039-.055 

.045 

.067 

.066-. 090 

.041-. 10 



Lb8. 
5,900 
11,100 
10,100 
10,600 
28,800 
25,500 
21,200 
20,900 
62,900 
85,900 
73,500 
81,700 
77,700 
120,100 
83,700 



1 strand, 66 hiches from end of socket. 
5 strands at the jaws. 

3 strands, 12 inches from end of socket 

5 strands at the jaws. 

4 strands at end of socket. 

4 strands, 6 inches from end of socket. 
3 strands, 14 inches from end of socket. 

6 strands at the end of socket. 
3 strands at middle of length. 

Do. 

3 strands, 16 inches from end of socket. 

2 strands, 8 inches from end of socket. 

4 strands, 52 inches from end of socket. 
8 strands, 22 inches from end of socket. 

3 strands, 35 inches from end of socket. 
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1 Hope tested with lead jaws. 



Digitized by 



GoogI( 



MANILA ROPE. 



105 



Digitized by 



GoogI( 



TtASILA BOPE (3 8TSAVD). 

[Rope i^epared for testing with eye splices at the ends, and then wetting the rope. 



Nominal sine. 


















i^ 


Length 
between 


w^t 


Breaking 


Circum- 


Diame- 


Sectional 






Diame- 
ter. 


ference. 


sample. 


sidices. 


sample. 


length. 


ference. 


ter. 


area. 


Inch. 


Inches. 


Ft. in. 


Feet. 


Lbs. oz. 


Feet. 


Inches. 


Inches. 


8g. inches. 


\ 




18 
18 


6 
6 


12 

1 4 


24,000 
21,600 


1.30 
1.65 


0.39 
.50 


0.119 
.196 








17 10 

18 


6 
6 


1 14 

2 6 


20,924 
33,340 


1.70 
2.26 


.54 
.76 


.23 
.45 


'"*i"66" 




2.25 


17 11 


6 


2 7 


22,508 


2.40 


.75 


.442 




2.50 


18 


6 


3 3 


29,360 


2.65 


.87 


.59 




4.00 


17 9| 
17 lOi 


6 


8 


26,846 


4.20 


L36 


1.45 




4.00 


6 


8 


26,866 


4.20 


1.35 


1.43 




4.00 


18 0^ 


6 


8 


28,125 


4.20 


1.36 


1.45 




4.00 


18 


6 


8 8 


22,650 


4.18 


1.36 


1.45 




4.00 


18 


6 


8 8 


22,650 


4.15 


1.36 


1.45 




4.00 


18 4 


6 


8 12 


25,140 


4.15 


1.37 


1.47 




4.00 


17 10 


6 


9 8 


18,770 


4.46 


1.42 


1.58 




4.00 


18 


6 


10 


16,560 


4.46 


1.43 


1.60 




4.00 


18 2 


6 


9 


18,570 


4.36 


1.46 


1.65 




4.00 


18 


6 


10 


17,820 


4.42 


1.46 


1.67 




4.00 


18 1 


6 


10 


17,890 


4.42 


1.43 


1.60 




4.00 


18 


6 


13 


26,860 


5.31 


1.73 


2.35 


Nominal size. 


Tensfle strength. 


Parted. 






Diame- 
ter. 


Circum- 
ference. 


Load. 


Stress 
(pounds 

per 
square 








inch). 








Inch. 


Inches. 


Pounds. 










1 




1,000 


8,403 


1 strand, 11 inches from end of splice. 








2,000 
2,200 
4,400 


10,204 
9,565 


1 strand, 7 inches from end of splice 
1 strand, 30 inches from end of splic 
1 strand, 11 inches from end of splic 










se. 






""2.00" 


9,777 


se. 






2.25 


5,400 


12,217 


1 strand, at the spUoe. 

1 strand, at middle of length. 








2.50 


5,200 


8,813 








4.00 


12,100 


8,344 


Do. 








4.00 
4.00 
4.00 


12,800 
12,500 
10,700 


8,951 
8,620 
7,379 


1 strand, 15 hiches from end of splic 
Do.' *^ 
1 strand, at middle of length. 


». 












4.00 


10,700 


7,379 


1 strand, 12 inches from end of splic 


se. 






4.00 


12,000 


8,163 


1 strand, 11 hiches from end of splic 


e. 






4.00 


10,000 


6,329 


1 strand, at end of splice. 








4.00 


9,200 


5,750 


Do. 








4.00 


9,200 


5,570 


Do. 








4.00 


9,900 


5,920 


Do. 








4.00 


9,100 


5,680 


Do. 








4.00 


19,400 


8,260 


1 strand, at the splice. 
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COSDAOE. 

Tensile tests of soft-laid shot lines for the United States Life-Saving Service, Washingtony 

D. C. 

[Shot lines to be soft laid and to be made of best sail twine.] 

Diameter - inch. . 0. 30 

Lay, 1 turn in do 1. 50 

Strands : number. . 3 

Threads per strand do 15 

Length ot sample tested feet. . 15 

Length between pins do 6 



No. of 
coil. 


Weight 
ofooil. 


End ofooil. 


Tensile 
strength. 


Parted. 




Pounds. 




Poundt. 




1 


35 


Inside 


1,135 


1 strand at the phi. 


2 


35 


...do 


1,200 


Do. 


3 


36 


...do 


1,160 


1 strand at the middle. 


4 


35 




...do 


1,150 


1 strand at the pin. 


5 


35 




...do 


1,245 


1 strand 14 inches from the pin. 


6 


35 




...do 


1,200 


1 strand at the pin. 


7 


35 




...do 


1,210 


D». 


8 


35 




.,.do 


1230 


Do. 


9 


35 




...do 


1,196 


Do. 


10 


35 




...do 


1220 


Do. 


11 


35 




...do 


1,220 


Do. 


12 


35 




...do 


1 182 


Do. 


13 


35 




...do 


1,205 


Do. 


14 


36 


...do 


1,260 


2 strands 5 inches from the pin. 


15 


35 


...do 


1,098 


1 strand 18 inches from the pin. 


16 


35 


...do 


1,208 


1 strand at the pin. 


17 


35 


...do 


1,095 


Do. 


18 


35 


...do 


1,262 


1 strand at the middle. 


19 


35 


...do 


1,166 


1 strand at the pin. 


20 
21 


36 
35 


...do 

...do 


1,180 
1,163 


Do. 
Do. 


22 


36 


...do 


1,165 


1 strand 14 inches from the phi. 


23 


36 


...do 


1,050 


1 strand at the middle. 


24 


36 


...do 


1,205 


Do. 


26 


36 


...do. 


1,050 


1 strand 11 inches from the pin. 


26 


36 


...do 


1,136 


1 strand 23 inches from the pin. 


27 


35 


...do 


1,158 


1 strand at the pin. 


28 


36 


...do 


980 


Do. 


29 


36 


...do 


1,080 


1 strand 17 inches from the pin. 


30 


36 


...do 


1,205 


1 strand at the pin. 



RETEST OF THE FOLLOWING COILS. 



No. of 
coil. 


EndofooU. 


Tensile 
strength. 


Parted. 


1 
4 

15 
115 

17 

23 
123 

25 
»25 

26 

28 
128 

29 
»29 


Tn?}MA 


Pound*. 
1,220 
1,306 
1,020 
1,252 
1,180 
1,060 
1,092 
1,056 
1,225 
1,160 
1,058 
1,095 
1,110 
1,146 


1 strand 26 inches from the pin. 

1 strand at the pin. 

1 strand 18 inches from the pin. 

1 strand at the pin. 

1 strand 19 inches from the phi. 

1 strand 16 inches from the pin. 

1 strand 20 inches from the pin. 

1 strand at the pin. 

Do. 

Do. 
1 strand 18 inches from the pin. 
1 strand at the pin. 

Do. 

Do. 


do 

do 

do 

do 

do 

do 


do 


do 


do 


. do 


do 


do 


do 
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BUBBEB. 

BUBBEB. 



Description. 


Thick- 
ness. 


Width. 


Sectional 
area. 


Tensile strength. 


Elongation in 2 
inches. 


Load. 


Stress 
(pounds 

per 
square 
inch). 


Inches. 


Percent. 


Goverine rubber 


Inch. 

0.38 
.41 
.42 
.43 
.44 
.47 
.48 
.48 
.49 
.40 
.49 
.53 
.57 
.08 


Inehet. 
0.93 

.97 
1.00 

.95 
1.02 

.98 

.98 
1.00 
1.02 
1.00 
1.00* 

.97 
1.00 
1.00 


So. in. 
0.353 
.40 
.42 
.406 
.44 
.46 
.47 
.48 
.50 
.49 
.49 
.51 
.57 
.68 


Pound*. 
179 
362 
285 
367 
365 
252 
245 
291 
289 
385 
311 
225 
488 
485 


507 
905 
678 
899 
829 
548 
521 
606 
578 
785 
624 
441 
856 
713 


2.71 
6.15 
5.90 
6.00 
3.14 
3.00 
3.16 
4.90 
4.90 
5.11 
4.50 
5.05 
2.67 
4.46 


135.5 
307.5 
295.0 
300.0 
157.0 
150.0 
158.0 
245.0 
220.0 
255.5 
22.5.0 
252.5 
133.5 
225.5 


Do 


Do 


Do 


Do ' 


Do 


Do 


Do 


Do 


Do 


Do 


Rwl fOTITld^itiOTi 


Covering rubber 


Do 
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TENSILE TEST OF A SAMPLE OF BTTBBEB TAKEN FBOM A DETACHABLE 
TIBE FOB WATEBTOWN ABS^NAL. 

Length over all, 8.50 inches. 

Width, 2 inches. This was reduced to 1.25 inches for a length of 
2.25 inches at the middle. 




EhngatUms taken on gauge length of 2 inches on peart A. 





Width. 


Thick- 
ness. 


Sectional 
area. 


Tensile strength. 


Elongation in 2 
inches. 


• 
Load. 


Stress 
(pounds 

per 
square 
inch). 


Inch. 


Per cent. 


Required 


JncftM 


Inch. 


8q. in. 


Pwnii. 


fNotless 
\ than 
[ 600. 

515 


I 


Not un- 
der 75. 

Not over 
150. 
12.5 


Results 


1.25 


0.75 


0.94 


4S5 


1 

0.25 





Fractured part B at edge of gauge length — test continued on part A. 



Width. 


Thick- 
ness. 


Sectional 
area. 




Elongation in 2 
inches. 


Parted. 


Load. 


Stress 
(pounds 

per 
square 
inch). 


Inches. 


Per cent. 


InchM. 
1.25 


Inch. 
0.40 


8q. in. 
0.50 


Pounds. 
234 


468 


2.10 


105 


Inside of gauge marks. 
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PHrETTMATIC HOSE. 
TUBE TEST. 



Gauged length of 2 inches laid off on each sample; stretched to 6 
inches for 10 minutes, and load removed. 



Description. 


Width. 


Length. 


Perma- 
nent set 


7-ply 1 inch 


1.00 
1.00 
1.00 
1.00 


Inches. 
6.00 
6.00 
6.00 
6.00 


Inches. 

a24 

.60 

.55 

.25 


7-ply inchx 


7-ply Inch '. 


7-d1v inch 





Friction test. 



Description. 



Unwound 

in 10 
minutes. 



7-ply i Inch. 

7-plyi inch, 

7-ply i inch, 

Do 

Do 

Do 



Inches. 
5.70 
5.60 
4.90 
5.00 
5.25 
5.60 
4.90 
4.85 
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PBOOF STBESSES. 

PBOOF STBESS APPLIED TO 1 PISTON BOD FOB 6-INGH DISAPPEABING 
GABBIAGE, MODEL OF 1905, Mil. 

[Proof stress required, 120,000 pounds tension.] 

Elongation measiu'ed on gauge length of 30 inches, the first point 
of gauge length being 6 inches from piston head. 



No. on rod. 


Applied loads. 


500 
pounds. 


120,000 
pounds. 


500 
pounds. 


On one end, 2 2961; on other end, 11 352 





0.0175 








Proof stress of 120,000 pounds tension was applied to rod without 
signs of failure. 

PBOOF STBESS APPLIED TO 3 PIST'ON BODS FOB 14-INGH DISAPPEABmG 
CABBIAGE, MODEL OF 1907 Ml. 

[Proof stress required, 575,000 pounds tension.] 

Elongation measiu-ed on gauge length of 30 inches, the first point 
in gauge length being about 30 inches from piston head 



No. on rod. 


Applied loads. 


5,000 
pounds. 


575,000 
pounds. 


5,000 
I)Ounds. 


1427-3 
1426-4 
1432-5 







0.0212 
.0217 
.0214 








Proof stress of 575,000 pounds tension was applied to each rod 
without signs of failure. 
116 
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PBOOF STBESS APPLIED TO 12 PISTON BODS FOB 6-IKCH DISAPPEABIKG 
CABBIAGE, MODEL OF 1905 Mil. 

[Proof stress required, 120,000 pounds tension.] 

Elongations measured on gauge length of 30 inches, the first point 
of gauge length being 6 inches from piston head. 



No. on rods. 


Applied loads. 


500 
pounds. 


120,000 
pounds. 


500 
pounds. 


1 .\ 
















0.0184 
.0181 
.0184 
.0183 
.0183 
.0184 

' .0181 
.0182 
.0184 
.0183 
.0183 
.0183 


0. 
0. 
0.0001 

.0001 
0. 

.0001 
0. 
0. 

.0001 

.0001 
0. 

.0001 


2 


3.- 


4 » 


6 


6..^ 


7 i 


8 


9 


10 : 


11 


12 





Proof stress of 120,000 pounds tension was applied to each rod 
without signs of failure. 

PROOF STBESS APPLIED TO 2 PISTON BODS FOB 14-INCH DISAPPEABINO 
CABBIAGE, MODEL OF 1907 Ml. 

[Proof stress required, 575,000 pounds tension.] 

Elongation measured on gauge length of 30 inches, the first point 
in gauge length being about 30 inches from piston head. 



No. on rod. 


Applied loads. 


5,000 
pounds. 


575,000 
pounds. 


5,000 
pounds. 


1424 






0.0212 
.0213 


0. 
.0001 


1428 





Proof stress of 575,000 poimds tension was apphed to each rod 
without signs of failure. 
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PBOOF STRESSES ON PISTON RODS. 



FBOOr STBXSS AFPUSD TO 2 PISTON RODS TOR l»-POUNDXR RARRBTTR. 

[Proof stress required, 116,400 pounds tenskxL] 

Elongation measured on gauge length of 10 inches, the first point 
in gauge length being about 9.50 inches from end of rod. 



No. oo brooxe pistoo head. 


Applied loads. 


500 
pounds. 


98,400 
pounds. 


500 

pounds. 


7383 







a0077 
.0079 






7416 ! .... 





Proof stress of 98,400 pounds tension was applied to each rod with- 
out signs of failure. 

TEST OF PISTON ROD NO. 81, FOR 12-INCH MORTAR CARRIAGE, MODEL 

OF 1806 Mill. 

The rod was tested under a load of 565,500 pounds compression 
in cylinder, with results as follows: 

[Compression in 20 inches.] 



No. on rod. 


Applied loads. 


5,000 
pounds. 


565,500 
pounds. 


5,000 
pounds. 


31 





0.0454 


0.0059 





The rod was then swung on centers in a lathe, and the deforma- 
tions measured at various points as indicated in the sketch below: 

Amount of bend. 



A 


Inch. 

0.007 
.024 
.043 
.040 
.045 


p 


Inch. 

0.063 
.070 
.070 
.043 
.010 


B 


G.... 


C 


H 


D 


I 


B 


K 







■f6" 



3' 



-29'- 



X*- 



»• t ^ 



18 



■27'- 



•sri'- 



it 
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TEST OF PISTON BOD NO. 37, FOB 12-INCH MOBTAB GABBIAGE, MODEL 

OF 1896 Mill. 

The rod was first swung in a lathe and showed the following defor- 
mations: 

Amxmnt of bend. 



A 


Inch. 

0.001 

.001 

.001 

.001 


E 


Inch, 

0.001 

.002 

.002 

.001 


B 


F 


C 


G 


D 


H 







& 



z^* 



r 



eJ^ 



V^v 



28"' 



feV^ 



The apparatus was then checked up and the results are shown on 
sketch above. No cause for eccentric loading was found. The stress 
on the cast-iron pipe supports under a- load of 565,500 pounds is 
17,570 pounds per square inch. 

The results of the proof stress are as foUows: 



[Compression in 20 inches.] 



Number on rod. 


Applied loads. 


6,000 
I)omids. 


666,500 
poonds. 


5,000 
pomids. 


37 





0.0579 


0.0200 





The rod was again swung in a lathe and showed the following defor- 
mations (see sketch) : 

ATnount of bend. 



J^ 


Inch, 

0.009 

.028 

.051 

.056 


E 


Inch. 

0.066 
.073 
.076 
.016 


B 


F 


c 


G 


D 


H 







The maximum deformation at G was in a plane nearly perpendicu- 
lar to the axis of the pin and trunnion of the support used. The 
deformation^ however, did not remain maximum m this plane but 
changed rapicUy as if the rod had been twisted. 
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SKRINOS. 

COMFBSSSIVS TESTS OF 42 SPBINGS FOB 12-INCH MOBTAB CABBIAGE. 

Free height: Maximum, 7.54 inches; minimum, 7.17 inches. 

Height Ster being closed down solid for 48 hours — Free height: 
Maximum, 7.43 inches; minimum, 6.90 inches. 

Ten springs of the lot closed solid 100 times — ^Permanent set: 
Maximum, 0.08 inch; minimum, 0.01 inch. 



Required. 



Results. 



Freeheight Maximum, 7.33 inches; mini- 
mum, 6.88 inches. 
Not over 2 inches 



SoUd height 

Load at height of 4.562 inches. . 
Outside diameter, solid 



Inside diameter, free. 
Final free height 



Not under 60 jwunds. . 
Not over 2.15 inches. . . 
Not under 1.75 inches. 



Maximum, 1.87 inches; mini- 
mum, 1.78 inches. 

Maximum, 68 pounds; mini- 
mum, 66 pounds. 

Maximum, 2.15 inches; mini- 
mum. 2.14 inches. 

1.75 inches. 

Maximum, 7.32 inches; mini- 
mum, 6.86 indies. 



Three springs below 60 pounds at height of 4.562 inches, 
height not prescribed. 



Free 



COMFBESSIVE TEST OF 71 SPBINGS FOB 6-INCH DUMMY PBOJECTILES. 

Free height: Maximum, 2.22 inches; minimum, 2.13 inches. 

Height after being closed down solid for 48 hours — Free height: 
Maximum, 2.19 inches; minimum, 2.10 inches. 

Twenty springs of the lot closed solid 100 times without permanent 
set. 





Required. 


Results. 


Freeheight 


2.125 inches 


Maximum, 2.19 inches; mini- 
mum, 2.10 inches. 

Maximum, 17 pounds; mini- 
mum, 15.25 pounds. 

Maximum, 23.5 pounds; mini- 
mum, 21.75 pounds. 

Maximum, 1.15 inches; mini- 
mum, 1.10 inches. 

0.375 inches. 

Maximum, 2.19 inches; mini- 
mum, 2.10 inches. 


Load at height of 1.535'inches. . . 
Load at height of 1.276 inches. . . 
Height when solid 


16.55 pounds 


23.8 i>ounds 


1.276 inches 


Outside diameter 


0.375 inches — •. 

2.125 inches 


F^Tifti frw hAig^t 







Meastarements of lid springs for firing circuits ^ 12-dnch Jf. C, Model of 1896 Mill. 





Required. 


Results. 


"Diameter of steel wire 


0.040 inch 


Maximum. 0.040 inch; mini- 
Maximum, 8; minimum, 8. 

mum, 0.38 inch. 

mum, 0.08 inch. 

mum, 0.144 inch. 


Number o^ coils ., . 


8 






T^eiMrth of nronfif. ,.,.,. ^ 


0.10 inch 


Outside diameter not more tlum . 
Inside diameter not less than. . . 


0.24 inch 







122 



Digitized by 



GoogI( 



SPEINGS. 



123 



COMPBESSIVE TESTS OF 15 SPSmGS FOB 10-INCH DTTMMT PBOJECTILES. 

Free height: maximum, 2.12 inches; minimum, 2.04 inches. 

Height after being closed down soUd 48 hours — Free height: 
Maximum, 2.08 inches; minimum, 1.96 inches. 

Four springs of the lot closed soUd 100 times. Permanent set: 
Maximum, 0.03 inch; minimum, 0.01 inch. 





Required. 


Results. 


Free height 


2.03 inches 


Maximum. 2.09 Inches; mini- 
mum, 1.96 Inches. 

Maximum, 64 pounds; mini- 
mum, 48 pounds. 

Maximum, 108.5 pounds; mini- 
mum, 92.5 pounds. 

Maximum. 1.11 Inches; mini- 
mum, 1.04 inches. 

0.75 Inch. 

mum, 1.95 inches. 


Load at height of 1.625 Inches... 
Load at height of 1.32 inches.... 
Height when solid 


P8.7 pounds 


103 poumds . . 


1.32 inches 


Outside diameter 


0.75 Inch 


Fin^l frAft height . , 


2.03inches .• ... 







Six spriujgs above 58 pounds at height of 1.625 inches. 
Nine springs above 103 pounds at height of 1.32 inches. 
Four springs above 2.03 inches in height. 

COMFBESSIVE TESTS OF 65 SPBISQS FOB fl-INCH BtJMMT FBOJECTHiES. 

Free height: Maximum, 0.78 inch; minimum, 0.76 inch. 

Height after being closed down solid for 48 hours — ^Free height: 
Maximum, 0.78 inch; minimum, 0.75 inch. 

Sixteen springs of the lot closed soUd 100 times without permanent 
set. 



Required. 



Results. 



Free height 

Load at height of 0.56 Inch. . 
Load at height of 0.42 lnch& 

Height when solid 

Outside diameter 

Final firee height 



0.76 inch.... 
6.36 pounds. 
10.8 pounds. 
0.42 Inch.... 
0.31 Inch.... 
0.76 Inch.... 



Maximum, 0.78 Inch; mini- 
mum, 0.76 inch. 

Maximum, 7.75 pounds; mini- 
mum, 6.25 pounds. 

Maximum, 16 pounds; mini- 
mum, 11 pounds. 

Maximum, 0.42 inch; mini- 
mum, 0.42 inch. 

Maximum, 0.31 inch; mini- 
mum, 0.31 inch. 

Maximum, 0.78 inch; mini- 
mum, 0.76 inch. 



One spring below 6.50 pounds at height of 0.56 inch. 
Fifteen springs above 13 pounds at height of 0.42 inch. 
Twelve springs above 0.77 inch in height. 
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SPBINGS. 



COMPRESSIVE TESTS OF 41 SFBnTGS FOB 6-INCH BUMM7 PBOJECTCLES. 

Free height: Maximum, 2.22 inches; minimum, 2.10 inches. 
Height, after being closed down soUd for 48 hours — Free height: 
Maximum, 2.17 inches; minimuTn, 2.06 inches. 

Ten springs of the lot closed sohd 100 times without permanent set 





Required. 


Results. 


FrAAhAight. 


2.125 hiches 


MaTfmum, 2.17 inches mini- 
mum, 2.06 inches. 

mum, 14 pounds. 

mum 21 pounds. 

mum, 1.12 inches. 
0.375 inch. 
Maximum, 2.17 inches; mim- 

mum, 2.06 inches. 


Load at height of 1.536 inches... 
Load at height of 1.276 inches... 
Height when solid 


16.55 xxninds 


23.8 pounds 


1.276 inches 


Outside diameter 


0.376 inch 


Finfvl fT«« hftlght, 


2.125 inches 







Two springs above 16 poimds at height of 1.535 inches. 
Two springs 23 pounds and over at height of 1.276 inches. 
3 springs above 2.125 inches in height. 

MeaswemerUs of brass wire springs for electrical circuit details, l^-inch mortar carriage, 

model of 1S96, Mill. 

[Number of springs, 345.] 





Required. 


Results. 


"Diameter of brass wire - ^ -r 


0.0719 inch 


Maximum, 0.075 inch; mini- 
mum, 5.40 inches. 

Maximum, 0.79 inch; mini- 
mum, 0.65 inch. 

mum, 0.36 hich. 


I^ength of spring 


6.6 hiches 


Outside diameter 


0.626 faich 


Large eye, inside diameter 

Small eye, hiside diameter 


0.75 inch 


0.375 inch 
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MISCELLAVEOirS. 
TENSILE TESTS OF 8 STEEL SPECIMENS FOB ITNITED STATES NAVT. 

The two specimens were special treated steel and furnished on 
contract No. 19563 for battleship No. 39. 















Elasticlimit. 


Tensile strength. 


Marks. 


Diameter. 


Sectknal 
area. 


Load. 


Stress 
(pounds per 
square inch). 


Load. 


Stress 
(pounds per 
square inch). 


227 
228 


Inch. 

asoso 

.5060 


Square inch. 

0.20 

.20 


Pounda. 
21,600 
21,900 


106,000 
109,500 


Pounda. 
24,500 
24,800 


122,500 
124,000 


Marks. 


Eloagaticm in 


Elongation in 


Diameter 

at 
fiiBCture. 


Contrac- 
tion 
of area. 


Appearance of fracture. 


Inch. 


Per cent. 


Inch. 


Percent. 


227 
228 


0.41 
.38 


2a5 
19.0 


10.30 
1.25 


an 

.13 


Inch. 
a31 

.32 


Percent. 
62L3 

59.8 


Ftaie silky. Open seam in 
stem. 
Da 



1 Inch section in which fracture occurred. 



Tensile test 



of 2 spedmcTis taken /rom a fractured cylinder j No. 
howUzer carriage, model of 1908. 



12S509 B2, for 4.7-%nch 

• 



Marks. 


Dimensions. 


Sectknal 


Appnndmate elastic 
limit. 


Tensile strength. 


Width. 


Thickness. 


area. 


Total 


Pounds per 
square hich. 


Total 


Pounds per 
square inch. 


1 

1 


Inch. 
a505 
.529 


Inch. 
a 179 
.180 


Square indi. 
a0904 
.0952 


Pounds. 
10,812 
11,016 


119,600 
115,710 


Pounda. 
12,648 
13,158 


139,910 
138,210 


Marks. 


Elongation hi 2 
faiches. 


sections. 


Dimensions 
at fRM^ture. 


Contrac- 
tion 
of area. 


Appearance of firao* 
ture. 


Inch. 


Percent. 


Inch. 


Inch. 


1 
2 


0.25 
.26 


12.5 
13.0 


ia22 
1.26 


0.03 
.00 


Inch. 

0.44 by a 14 

.46by .15 


Percent. 
31.8 
27.5 


Dull silky. 
Do. 



1 Inch section in which fRM^ture occurred. 
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TENSILE TESTS OF 2 SAMPLES OF STEEL. 

Specimens received were about 2 feet long and J inch diameter. 
They were cut up into regular tension specimens and were marked as 
follows: 



Marks. 


Diam- 
eter. 


Sectional 
area. 


Elastic limit. 


Tensile strength. 


Elongation in 2 
indhes. 


Load. 


Stress 
(pounds 

per 
square 
inch). 


Load. 


Stress 
(pounds 

per 
square 
inch). 


Inch. 


Per cent 


18TA 

18 TA 

18TA 

18 TB 

18 TB 

18 TB 


Inch. 

0.505 
.505 
.505 
.505 
.505 
.505 


Sq. inch. 
a20 
.20 
.20 
.20 
.20 
.20 


Pounds. 
11,100 
10,700 
10,800 
11,600 
11,600 
11,400 


55,500 
53,500 
54,000 
58,000 
58,000 
57,000 


Pounds. 
17,700 
17,600 
17,600 
20,500 
20,600 
20,500 


88,500 
88,000 
88,000 
102,500 
103,000 
102,500 


0.60 
.59 
.59 
.47 
.46 
.48 


30.0 
29.5 
29.5 
23.5 
23.0 
24.0 


Marks. 


Elongation in inch 
sections. 


Diameter 
at frac- 
ture. 


Contrac- 
tion of 
area. 


Appearance of fracture. 


18TA 

18TA 

18TA 

18 TB 

18 TB 

18 TB 


Inch. 

10.30 
1.29 
1.32 
1.28 
1.24 
.20 


Inch. 

10.30 
1.30 
1.27 
.19 
1.22 
1.28 


Inch. 
0.34 
.35 
.35 
.38 
.38 
.38 


Per cent. 
54.6 
51.9 
51.9 
43.3 
43.3 
43.3 


Fine silky. , 
Do. 
Do. 
Do. 
Do. 
Do. 



Tensile test of 6 galvanized malleable iron rings. 



Number. 


Inside 
diameter. 


Diameter 
of wire. 


Breaking 
strength. 


1 


Inches. 
1.26 
1.27 
1.26 
1.25 
1.26 
1.26 


Inch. 
0.16 
.17 
.17 
.17 
.17 
.17 


Pounds. 
451 
427 
920 
710 
869 
641 


2 


3 


4 


5 


6 
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TENSILE TEST OF A SECTION OE COPPEB BAND TAKEN FROM A 18-INCH 
PEOJECTILE AETEB SEATING. 

Length of specimen over aU, 12 inches. 

Width of specimens: 1.50 inches with a reduced section of 1 inch 
by 2.20 inches in length at middle. 












Tennile strength. 


Elongation in 2 inches. 




Sectional 
area. 


Total. 


Pounds per 
square 
inch. 


Inch. 


Per cent. 


Requiied 


Sq. inch. 


Pounds. 


28,000 
35,570 




sao 

40.0 


Results. 


0.238 


8,466 


aso 






Elongation In inch 
sections. 


Dimensions at 
fracture. 


Contraction 
of area. 


Appearance of 
nracture. 


Inch. 


Inch. 


Reqoliod 






Inch. 


Per cent. 
35.0 


DarV- onlniATi. 


Rosolts. 


laso 


0.30 


A.73V0.1<ia0.10».') 
















1 



1 Inch section in which firacture oocuned. 

TENSILE TEST OF 2 SAMPLES OF GAS CHECK PAD COVEBING MATERIAL 
FOB SANDY HOOK PBOVINa GBOUND. 

Samples marked XI and XII. 

Four tests were made from each sample, two one way of the 
material and two the other way. 
Length of sample over aU, 6 inches. 
Length between fixtures, 2 inches. 
Width of samples, 1 inch. 



Harks. 


Direction tested. 


Number 

of 
threads. 


Width 

of 
sample. 


Tensile 
strength. 


XI 


Oneway 


30 
30 
42 
42 
29 
29 
39 
39 


Inch. 


Pounds. 
104 
109 
106 
111 
79 
74 
144 
134 


XI... 


.do 


XI 


Otherway 


XI 


do 


XII 


One way. 


XII 


do 


XII 


Otherway 


xn 


do 
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Hardness taken by the Slhore scleroscope on twist drUls of a number of makes. 



Size of drill. 


Number 
of drills. 


Marks on 
drills. 


Kind of steel. 


Kind of shank. 


Shore 
scleroscope 
hardness. 


No.22 


12 
12 

6 
12 

3 


22 

23 
AH.S. 
AH.S. 
^H.S. 

L. 

L. 

L. 

L. 

L. 

C. 

C. 

L. 

L. 

L. 

L. 

L. 

L. 

L. 
-L. 

L. 

L. 

L. 

M. 

L. 

C. 

U. 


Carbon 

do 


Stn^ht 


40 to 60 

50 to 62 
55 to 65 
55 to 60 

63 to 57 
25 to 30 

51 to 67 
70 to 77 
70 to 75 
70 to 75 
60 to 80 
60 to 72 
50 to 62 
55 to 62 
50 to 67 

52 to 68 
52 to 62 
50 to 60 
50 to 65 
60 to 60 
62 to 70 

64 to 75 
60 to 77 

65 to 83 
70 to 82 
82 to 87 
80 to 88 


No. 23 


^inch 


Highspeed.... 

do 

do 


do 

do 

. . .do 


Do 


JL-inch ;.... 


«Soh:::::: :::::::: 


do 

do 


Taner 


Ix-inch 


.do.... 


Ij-inch 


do 


do 


1 l-inch 


do 

do 


do 

do 


Do 






.do... 


ti^ch 




do 


li jnch 


Highspeed.... 
do 


do 

. ...do 


Do : 


|-inch 


do 


do 


No size given 


::.:.do.:..:: 


. ...do 


Do 


do 

do 

do 

do 


do 

do 

do 

. . .do 


i-inch 


Di..:..: :::::.: 


at-inch 


Do 


do 

do 


do 

.do 


Ij-inch 




do 


do 


iJtinch 




. .do 


lA-inch 


Highspeed.... 

do 

do 


do 

do 

do 


llf-inch 


IH-inch.... 
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EXAKIHATIOH OF BBEECH BUSHIVG FBOM H-IBCH OXJIT, 
MODEL OF 1907, Ml, HO. 2. 

PHYSICAL TBST. 

The physical requirements for this forging were: Tensile strength, 
100,000 pounds; elastic limit, 70,000 pounds; elongation, 16 per cent; 
contraction, 30 per cent. 

Two specimens were taken from each of the radial, tangential, and 
longitudmal directions, as indicated on photographs Nos, 7, 8, 9, and 
10. Photographs Nos. 9 and 10 show tne location and extent of the 
crack. 

The results obtained were as follows: 



Marks. 


Tensile 
strength 
(pounds 

per 
square 
Indi). 


Blastio 

Umit 

(pounds 

per 
square 
inch). 


Elonga- 
tion. 


Contiao- 
tion. 


Remarks. 


Tl 
T2 
Rl 
R2 
LI 
L2 


Pounds. 
08,500 
103,500 
91,500 
08 500 
105,500 
101,500 


Pounds. 
72,000 
73,600 
73,000 
72,500 
75,000 
74,000 


Percent. 
18.5 
16.5 
4.5 
12.5 
23.0 
21.0 


Percent. 
46.2 
30.7 
9.5 
27.4 
57.2 
54.6 


Tangential. 
}RAdiA]. 
Longitudinal. 



Specimen R 1 broke at a slag spot, and a comparison with R 2, 
which was taken from almost the same place, shows a decided differ- 
ence in physical properties. 

The cnemical analysis was as follows: 

Percent. 

0.458 

Mn 42 

Si 10 

S 047 

P 028 

Ni 3.13 

O. 1.10 
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PHOTOGRAPH NO. 7. 
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PHOTOGRAPH NO. 8. 
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PHOTOGRAPH NO. 9. 
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PHOTOGRAPH NO. 9. 
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PHOTOGRAPH NO. 9. 
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PHOTOGRAPH NO. 10. 
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PHOTOGRAPH NO. 3. TANGENTIAL SECTION. (X75.) 
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PHOTOGRAPH NO. 6. TANGENTIAL SECTION. (X75.) 
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METALIOGBAPHIC EXAMIlTATIOir. 

For inicrosc5opic examination six specimens, 4 by 1 inches, two each 
from longitudinal, tangential, and radial positions, were polished and 
etched on two sides with 4 per cent nitric acid solution. There were 
slight evidences of minor segregation and no evidences of original 
ingot structure. 

One of the test specixjaens from each of the three positions, after 
having been broken, was polished and examined microscopically. 
Each showed more than the usual amount of slag and in fairly large 
masses, drawn out in the direction of forging, and with strong ten- 
dency to be drawn out in lines. Photograph No. 1 shows this tend- 
ency, and photograph No. 2 shows a section cut normal to it. In the 
etched specimens the same phenomena is evident, as shown in photo- 
graphs Nos. 3 and 4. 

The etched specimens show very strongly two facts — overheating 
and minor local segregation. The overheating is shown in (a) the 
strong tendency toward crystallization with the elongated needles of 
ferrite reaching out through the ground mass of the material, as shown 
in photograph No. 5; (jb) the pearlitic condition of the groimd mass, 
ana (c) the coarsely granulated structure shown in the fower portion 
of photograph No. 6. 

Local se^egation has been foimd in each section, the most pro- 
nounced being that shown in photograph No. 6, where we have two 
contiguous structures of entirely dmerent character, one distinctly 
granulated, the other more ho^iogeneous. In the other sections 
characteristic differences of structure were observable, but which 
were not so well adapted for photographic representation. 

While no direct connection between fracture and structure has 
been established it is evident that the metal is of inferior character 
(1) on accoimt of the slag which is present, (2) the imsatisfactory 
heat treatment, and (3) the local segregation. 
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TEST OF CHABPT IMPACT XAGHIVE. 

In order to determine whether the Charpy machine could reveal 
brittle metal where the regular tensile test f aued to do so, the following 
experiment was made. 

rieces of a 14-inch gun jacket were taken, and the metal was tested 
in the original condition, and after drawing at 750'' C, 700'' C, 600"^ C, 
and 500° C., respectively, for half an horn:, cooling in the furnace. 
Static tensile, Charpy impact and hardness tests were made, after 
which micrographs were taken. 

Pieces of the original metal were then heated to 50° C. above the 
Aci point (788° C), quenched in oil, and then drawn at 650° C, 
600° C, 550° C^ ana 500° C, respectively, for half an hour, cooling in 
the furnace. The following results were obtained: 



Heat treatment. 


Original 
steel. 


Reheat to- 


Quench 50** C. above Aci. Reheat 
half an hour at— 


750»C. 


700»C. 


600»C. 


500»C. 


650'C. 


600'»C. 


550* C. 


600«C. 


Hold half an hour. 


Cool in furnace. 


Specimen mark.. 
CliftTpy 


13T16-0 


13T15-1 


13T15-2 


13T16-3 


13T15-4 


13T16-D 


13T16-E 


13T16-F 


13T15-G 


51.5 
50.6 
26.2 
64.1 


147.9 
133.4 
105.6 
151.0 


118.8 
148.1 
148.1 
173.0 


140.8 
161.7 
162.0 
139.0 


134.0 
178.2 
147.8 
154.8 


119.7 
140.8 
134.8 
150.3 


186.1 
186.1 
178.2 
186.6 


212.0 
176.9 
212.0 
204.8 


170.0 
204.2 
155.8 
184.2 


Average... 

Elastic limit 

Tensile strength . 

Elongation 

Contraction 

BaU hardness.... 


48.1 


158.0 


147.0 


151.0 


154.0 


136.4 


184.3 


201.4 


178.6 


50,000 

101,000 

20.0 

27.4 

187 


47,000 

01,500 

22.5 

34.0 

159 


45,500 

90,600 

25.0 

49.1 

162 


49,000 

99.500 

21.0 

40.3 

187 


50,000 

100,500 

20.0 

37.2 

187 


64,500 

104,500 

20.0 

54.6 


70,600 

113,500 

20.5 

46.2 


78,500 

126,000 

18.0 

46.2 


83,500 

134,500 

16.0 

37.2 











' Hardness numbers and micrographs were not taken of the speci- 
mens which were quenched in ou (D, E, F, and G). 

From the table it is seen that the impact strength of the original 
steel was very low. Specimens 13T15-3 and 13T15-4 give the sarne 
hardness number (187), practically the same tensile strength, elastic 
limit, and elongation, yet the impact strength has been increased to 
three times that of the original steel. 

In this case at least the Charpy machine indicated defective metal 
which the tensile test failed to detect. 
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PHOTOGRAPH NO. 1. (X75.) 



PHOTOGRAPH NO. 2. (X75.) 
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PHOTOGRAPH NO. 3. (X75.) 



PHOTOGRAPH NO. 4. (X75.) 
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PHOTOGRAf'H NO. 5. ^X75.^ 



PHOTOGRAPH NO. 6. (X75.) 
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PHOTOGRAPH NO. 7. (X75.) 
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8-2. (X75.) 



8-3. (X75.) 
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D. (X75.) 



T. (X75.) 
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PHOTOGRAPH NO. 5. (X75.) 



PHOTOGRAPH NO. 6. (X75.) 
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PHOTOGRAPH NO. 7. (X75.) 
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8-2. (X75.) 



8-3. (X75.) 
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D. (X75.) 



T. (X75.) 
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HDl. (X75.) 



HD2-4. (X75.) 
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IMPACT TESTS. 1S7 

The micrographs of 13T15-0 13T15-3, and 13T15-4 do not differ 
materially in grain size, but this could hardly be expected as the 
metal was not heated above Ac^. Specimen 13T15-1 was heated 
above Ac^ and there has been a refining of the grain, accompanied by 
a decrease of strength and an increase of ductility. Micrographs were 
taken of the specimens giving the highest and lowest impact strength 
in each of the five tests. From these it is seen that the brittleness is 
not a function of the grf^in size alone. It is probable that the weak 
impact strength in the original steel was due to internal stresses which 
were relieved by the subsequent annealing in specimens 13T15-3 and 
13T15-4. The original steel bar has the appearance of having cooled 
slowlj^ from a high temperature before quenching. 

An investigation of the results of the impact test proves conclusively 
that material should not be judged by testing one specimen. A num- 
ber of tests should be made and the average obtamed. The impact 
strength of the original test varied from 26.2 to 64.1 feet pounds per 
square inch, the average being 48.1. (See table.) The other speci- 
mens varied in the same manner. 

CHABPT IMPACT TESTS ON STEEL AXLES AND CRANK PINS. 

At the request of a steel company, Charpy impact tests were made 
on a number of notched bars taken from locomotive axles and crank 
pins. The physical and chemical data, other than the hardness and 
impact tests and micrographs, were furnished by the steel works. 

An examination of tne results obtained indicates that the large 
number of variables renders a definite conclusion difficult. For 
instance, some of the pieces are of carbon steel and some of nickel 
chrome. The carbon contents vary as do the heat treatments. The 
heat treatments furnished do not agree with the micrographs. For 
instance, in specimen No. 3 the needle structure has not been wiped 
out as would DC expected with the heat treatment given. TTie metal 
in specimen D shows no evidence of heat treatment. It seems most 
logical, therefore, to compare the micrographs and the impact tests, 
as both of these were made at this arsenal and represent tne present 
condition of the metal. 

An examination of the micrographs shows that the worst structures 
are those for specimen 4, D, 3, T, and in the order stated. Four 
Charpy transverse specimens were tested in each case, and the results 
show D and T to have thejeast resistance to shocK, while 4 gives 
very low results. No. 3, however, is rather tough. The micro- 
graphs indicate that H. D. 1, 2, 7, and 5 have the best structure, in 
the order given. The impact tests are 7, 5, 6, 3, 2, H. D. 1, and H. D. 
2, in order. The results obtained with the impact tensile specimens 
are so erratic that no comparisons have been made. The results indi- 
cate that the steel with tne best structure will give the highest test 
under impact, while coarse, imeven structures are very weak and 
brittle. 

It is thought that better results would be obtained if the number of 
variables were reduced. The summary gives the results in the 
order of their importance. 
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138 IMPACT TBSTS. 

Summary showing rewUi in the ordBr ojihtxr importance. 



' 








Charpy tests. 










Elastic 
limit. 


Tensile 
strength. 


Elon- 
gation. 


Ccn- 
trao- 
tioo. 






BaU 

test. 


C. 


Ni 


Cr. 


Trans- 
verse. 


Ten- 

sile. 


HDl 

HD2 

8 

3 

6-2 

^-5 

6 

7 

1 

4 

D 

T 


HDl 

»-2 
6 
7 
6 
3 
1-4 
4-1 

5 


I 
T 
D 
3 

HDl 
5 
2 

HD2 
8 
4 
6 
7 


1 
HDl 
HD2 
3 
T 
D 
2 
8 
6 
4 
6 
7 


7 

6 

ft-3 

3-« 

2 

HDl 

HD2 

8 

4 

1 

D-T 

T-D 


HD2 
7 
6 

HDl 
T-« 
3-T 
4 
D 
8 
1 
2 

(T) 


8 
2 
T 
HD2 
HDl 
6 
5 
1 
4 
3 
T 
D 


1 

HDl 

4 

2-8 

8-2 

5 

6-T 

T-6 

HD2 

7 

3 

D 


6 
8-2 
2-8 

7 

7 


6 
2 

8 
7 

7 
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speci- 
men 
No. 



1 
2 
3 

4 
5 
6 

7 



Speci- 
men 
No. 



T 
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A COXPABISOH OF TAVaEVTIAL VEBSVS LOHOITTTDnTAL 

SPECIMEVS. 

Although it is generally admitted that tangential specimens taken 
from forged steel are weaker than longitudinal specimens, very Utile 
data can be found as to how these two compare. 

Frequently we find that test specimens are taken out longitudinally; 
although the service stress is applied tangentially. This sometimes 
leads to unexpected failures which wotild not occur if the specimens 
for acceptance test were taken in the direction in which the service 
stress is applied. 

For the purpose of obtaining data on this question, the following 
experiment were made. The first experiment was madie on a piece of 
drawn tubing. This was selected because the drawing operation 
tended to extend the metal in two directions, viz, longitudinally and 
tangentiaUy. It was expected that the difference in the two speci- 
mens would be less in this case than in experiment No. 2, where the 
metal was drawn out in one direction only. 

BXPEKIMENT No. 1. 

A piece of 6-inch drawn-steel tubing, purchased for the manufacture 
of howitzer spring cylinders, was cut open, heated, and flattened in 
the smith shop. Longitudinal and transverse specimens were then 
cut out to the dimensions shown in sketch No. 1 . After annealing for 
two hours at 800° C. the pieces were tested, with the following results: 



ICarlEB. 




Sectional 
area. 


Elastic limit. 


Tensile strength. 


WWtli. 


Thiclniess. 


Total, 
pounds. 


Pounds per 
square inch. 


Total, 
pounds. 


Pounds per 
square inch. 


T-2 

T-5 

T-4 

T-n5 

T-6 

L-1 

I^ 

L-4 

L-^ 

L-6 


Inch. 
0.500 
.502 
.497 
.500 
.500 
.501 
.502 
.505 
.503 
.501 


Inch. 
0.256 
.251 
.232 
.228 
.228 
.240 
.249 
.260 
.250 
.251 


aq. inch. 
0.128 
.126 
.115 
.114 
.114 
.120 
.126 
.131 
.130 
.126 


4,700 
4,500 
3,672 
3,672 
3,570 
3,978 
4386 
4,602 
4,590 
4,590 


36,700 
35,700 
31,900 
32,200 
31,300 
33,100 
35,100 
35,800 
35,300 
36,400 


8,100 
7,854 
6,324 
6,324 
6,222 
7,140 
7,446 
8,364 
8,058 
8,058 


63,300 
63,000 
55,000 
55,500 
54,500 
59,500 
59,600 
63,900 
62,000 
64,000 


Marks. 


Elomgatioii in 2 inches. 


Elongation in 
inch sections. 


Dimensions at 
fracture. 


Contrac- 
tion of 
area. 


Appearance of 
fracture. 


T-2 

1V3 

T-4 

T-5 

m-d 

L-1 

Lr^ 

I/-4 

L-^ 

L-6 


Inch. 
0.45 
.44 
.47 
.53 
.45 
.55 
.71 
.50 
.50 
.55 


Percent. 
22.5 
22.0 
23.5 
26.5 
22.5 
27.5 
85.5 
29.5 
20.6 
27.5 


Inch. 
0.12 *0.33 
♦.29 .15 
.12 ♦.35 
.12 ^.41 
.10 ♦.35 
.15 ^.40 
.80 ^.41 
.20 ♦.SO 
.21 ^♦.SS 

.26 ♦.ao 


Inch. 
0.39 by 0.20 
.39 by .19 
.36by .16 
.35 by .17 
.35 by .15 
.36by .17 
.37by .17 
.37by .19 
.87 by .17 
.87 by .19 


Percent. 
39.1 
41.3 
49.5 
48.2 
54.4 
49.2 
49.6 
46.6 
6L6 
44.6 


Lamellar. 

Do. 
Do. 
Do. 
Do. 
Do. 
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♦Inch section in which fracture occurred. 



Digitized by 



GoogI( 



TANGENTIAL VERSUS LONGITUDINAL SPECIMENS. 
Siunmary, 



141 



Elastic 

limit 

(pounds 

persqnare 

Inch.) 



Tensile 

strength 

(pounds 

per square 

ini(^.) 



Elonga- 
tion. 



Contrac- 
tion. 



atial: 
Average... 
Maximum, 
Mininfum. 
Difference. 
Longitudinal: 
Average... 
Maximum 
Minimum. 
Difference. 



33,560 

36,700 

31,300 

5,400 

35,140 

36,400 

33,100 

3,300 



58,260 

63,000 

64,500 

8,500 

61,840 

64,000 

60,500 

4,600 



Percent, 
23.4 
26.5 
22.0 

4.5 

29.9 
35.5 
27.5 
8.0 



Percent. 

46.5 
54.4 
39.1 
15.3 

48.3 

51.5 

44.5 

7.0 



An examinatwn of the summary shows that in every one of the 
physical properties the average of the loi^tudinal pieces is better 
than the corresponding average for the tangential pieces, but this 
difference is not as great as in experiment No. 2, where the metal 
was forged in one direction only. 

From the column of differences between maximum and minimum it 
is' seen that the longitudinal pieces are much more uniform than the 
tangential in elastic limit, tensile strength, and contraction of area. 

EXPERIMENT NO. 2. 

The specimens tested in this experiment were taken from the bases 
and wans of four 6-inch shrapnel cases marked A, B, C, and D. All 
four cases were made from forged or rolled bar stock. Cases A and 
D showed a number of slag streaks, while B and C were apparently 
free from seams or streaks. Cases A and B were heat treated m the bar, 
while C and D were heat treated after rough machining. Specimens 
marked L were taken out longitudinally, those marked T were taken 
tangentially, as shown in sketeh No. 2. 



number. 


Elastic 
limit. 


Tensae 
strength. 


Elonga- 
tionui 
2 inches. 


Contrao- 
. tion. 


Remarks. 


AL.: 


116,000 
121,500 
111,500 
106,000 
111,000 
106,500 
87,600 
87,500 
100,500 
97,000 
92,000 
95,500 
100,500 
98,600 

1C 


9Q. tn. 
144,000 
160,500 
136,600 
137,000 
142,000 
138,600 
123,000 
121,600 
133,000 
130,500 
124,500 
127,000 
137,500 
139,500 
104,500 
49 500 


Percent. 
15.6 
14.5 
5.5 
7.5 
11.5 
17.0 
5.5 
5.0 
18.0 
18.0 
13.0 
12.-5 
17.5 
14.6 
2.0 



Percent. 
40.Z 
37.2 

9.5 
13.3 
34.0 
46.2 

5.7 

9.5 
67.2 
67.2 
27.4 
27.4 
57.2 
59.8 

1.8 




Brown streak near circumference. 
Broke at flaw. 


AL 


AT 


AT 


BL 


BL 


BT 


BT 


CL 


CL 


CT.. 


CT 


DL 


DL 


DT 


DT 





1 Not obtained. 
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Summary, 





Elastic limit (pounds). 


Tensile strength. 


A 


B 


C 


D 


A 


B 


C 


D 


T.nnH^i<^|nft1 


118,750 

109,760 

9,000 

7.0 


106,750 
87,500 
21,000 

19.3 


96,750 
93,750 
5,000 

5.1 


09,500 

92,500 

7,000 

7.0 


147,250 

136,750 

10,500 

7.1 


140,500 
122,250 
18,250 

13.0 


131, 750 

125.700 

6,050 

4.6 


138,500 
104,500 
34,000 

24.6 


TannntialA 


Diflerenoe 


Per cent differance from 
Imgitii^tnal . 






Elongation (per cent). 


Contraction (per cent). 


A 


B 


C 


D 


A 


B 


C 


D 


T..onHtndinaI 


15.0 

8.7 

58L0 


14.3 
5.3. 
9.0 

63.0 


lao 

12.8 
5.2 

2&8 


l&O 

2.0 

14.0 

87.5 


3&8 
11.4 
27.4 

7a6 


4ai 

7.6 
32.5 

81.0 


57.2 

27.4 
29.8 

52.0 


5&5 

1.8 

66.7 

97.0 


T^g«ntlftl 


Diflerenoe v 

Per cent difference from 

lan^tiufhiftl 





In every case the average of the longitudinal specimens is better 
than for the tangential. The greatest difference appears in the 
ductility. 



o 



"V 



/^ 



1" 

ASO 



J 



i^V 



I 

1 



-^£5- 



^ A^\r 



SKETCH NO. 1. 

V-4. — A 




SKETCH NO. 2. 
EXPERIMENT NO. 3. 

The specimens for this experiment were taken from three bars 
which had been forged from a 10-inch billet to bars 5 inches diameter. 
The chemical composition was as follows: 

Per <*nt. 

c a 50 

Si 27 

Mn 69 

S 026 

P 024 

Ni 3.50 
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The bars were quenched in oil at 800° C. and drawn two hours at 
400° C. After heat treatment test pieces were taken parallel and 
normal to the direction of forging. It was impossible to cut tan- 
gential specimens from such a small bar; therefore they were taken 
across a diameter as shown in sketch below. 




It is believed that tangential and radial specimens would give the 
same physical properties in a bar of this kind, as both are taken 
normal to the direction of forging. 

Specimens taken along the bar are marked L, and those taken 
across a diameter are marked T. 



Specimen 
number. 


• Elastic limit. 


Tensile 
strength. 


in 2 inches. 


Contrac- 
tion. 


Remarks. 




£b«. per aq. in. 
Ilt500 


Lbs. per 
sq. tn. 
154,000 


Percent, 


Percent. 




IL 


10.5 


46.2 




IL 


121,000 


154,000 


12.6 


46.2 




IT 


106,500 


145,000 


8.0 


20.6 




IT 


Not obtained. 


71,000 


2.0 


6.7 


Broke at flaw. 


2L 


120,500 


164,000 


11.6 


46.2 




2L 


119,500 


152,500 


12.6 


46.2 




2T 


109,000 


147,000 


10.0 


20.5 




2T 


106,000 


143,000 


9.0 


16.9 




3L 


124,500 


153,500 


11.6 


46.2 




3L 


127 60C 


161,500 


11.0 


46.2 




3T 


88,000 


142,500 


7.6 


13.3 




3T 


87,000 


141,600 


7.6 


13.3 





Summary. 



Specimen. 



Longitudinal 

Tangential^ 

Difference 

Per cent diflerenoe from longitudinal 



Elastic 
limit. 



IA)8.per 
sq. tn. 
122,100 
99,100 
23,000 
18.8 



Tensile 
strength. 



Lbs. per 
sq. tn. 
166,600 
131,700 
24,900 
15.9 



Elonga- 
tion. 



Per cent. 

16.6 

7.3 

9.3 

66.0 



Contrac- 
tion. 



Percent. 
46.2 
16.0 
31.2 
67.6 



As before, it was found that the longitudinal pieces were better 
in all respects than the tangential. The principal difference appears 
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in the ductility. The oontraction of area is constant at 46.2 per cent 
for all longitudinal specimens, whereas the tangential tests vary 
from 5.7 to 20.5 per cent. 

CONCLUBIONS. 

1. Specunens taken normal to the direction of forging are lower 
in all physical properties than those taken along the direction of 
forging. The ductility is more sensitive in this respect than the 

"* elastic limit and tensile strength. 

2. Longitudinal specimens are much more xmiform than those 
taken normal to the direction of foiging. 
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HEAT TBSATMEVT OF VICKEL VAVADIUM STEEL. 

EXPERIMENT NO. 3150. 

The following experiment was made from ingot No. 3150, which 
was cast in steel heat No. 4066. The heat analyzed as follows: 

Percent. 

a 455 

Mn 50 

Si 23 

8 049 

P 033 

Ni 3.45 

Va 27 

The ingot was cast in a diy-sand mold, was 20 inches diameter and 
approximately 50 inches long. After casting, the ingot was heated 
to 950° C, air chilled, then returned to furnace at about 400° C. and 
allowed to cool with lumace. It was then sent to the machine shop, 
where discards were taken from the top and the bottom. The dis- 
card from the bottom of the injgot was 4 inches thick by 20 inches 
diameter. All test specimens m experiment No. 3150 were made 
from this bottom discard as described below. ^ This disk was then 
spUt into two semicircular pieces, one-half being forged down to a 
slab 5 inches wide by 1 inch thick, the other remaining in the cast 
condition. The forgmg operations were all normal and the forging 
was finished at -a duQ red heat, and above the critical temperature. 
Specimens approximately 1 by 1 by 5 inches were machined out 
from the cast and forged^ stock suitably marked, and heat treated as 
shown below. All specmaens were first heated to 1,000*^ C. aiid 
air chilled for the removal of ingotism. They were then oil quencKed 
from 770*^ C. Both forged and cast steels were given exactly the 
same heat treatment for the same length of time in order that a 
direct comparison could be made. 

The accompanying curves show in a graphic maimer the results 
which were oDtainea. Curve No. 4 shows tlie Brinell ball hardness 
number for both steels. It will be noted that the cast steel is harder 
than the forged steel. From this we would expect a h^her elastic 
limit and tensile strength for the cast st^l, and this is shown in 
curve No. 1. Hard steel is usually brittle steel, and curve No. 3 
shows that for the cast metal the impact strength was lower than 
for the forged. From the tables we see that for the same heat treat- 
ment practically the same elastic limit and tensile strength are ob- 
tained for the cast metal as for the forged, but we also see that the 
ductihty is greatly increased by forging. Forging appears to also 
increase the impact strength. 
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Tablb No. 1. 



numbar. 



Heat 

treatment. 



ElMtie 

limit 

(n)8.p«r 

sq. in.). 



Tensila 
strength 

sq.iiL). 



''Eloii- 
gatioo. 



Con- 
trao- 
tion. 



Charpy impact 
test (ft. ISb. 
per sq. in.). 



BrineUball 
hardn«BS num- 
ber. 



SlfiOAX 



S15OA0> 



3150A1 > 



31fiOA2> 



3160A3S 



3150A4 * 



3U0A5> 



As cast 

Ofl qneoched 
from 770* 
C; drawn 
one-half 
hour at 
710* C. 

Oil quenched 
from 770* 
C; drawn 
one-half 
hour at 
7WC. 

Oil quenched 
from 770* 
C; drawn 
one-half 
hour at 

, 660* C. 

Oil quenched 
from 770* 
C; drawn 
one-half 
hour at 
6WC. 

Oil quenched 
from 770* 
C; drawn 
one-half 
hour at 
450* C. 

Oil quenched 
from 770* 
C; drawn 
one-half 
hour at 
360* C. 



73, £00 



71,000 



79,500 



117,000 



141,600 



162,000 



163,000 



93,000 



99,500 



99,500 



128,500 



148,000 



171,600 



202,500 



P.et. 
2.0 



ILO 



13.0 



10.6 



3.0 



5.5 



1.6 



P.et. 
6.7 



13.3 



13.3 



24.0 



6.7 



13. S 



5.7 



riCaximum, 24.3 
{Mlnhnum, 11.4 
[Average,! 15. 6 

(Maximum,186. 
{Minimum, 178. 7 
lAverage,^ 182.3 



rMaximum,194.0 
{Minimum, 163. 5 
lAverage,! 176.0 



[Mazimum,17a7 
Minunum, 178. 2 
[Average,! 178.5 



rMaximum,189. 7 
{Minimum, 64.6 
(Average,! 127.4 



fMaximnm,117.5 
{Minimum, 64.6 
(Average,! 77. 8 



pCaximum, 39. 1 
{Minimum, 23.0 
[Average,! 28.3 



Maximum, 248 
Minimum, 228 
Average, 242 

Maximum, 207 
Ifintnmim, 202 
Average, 205 



Maximum, 212 

Min inn; ;m, 196 

Average, 200 



M ttTJimiTn 228 
Minimum, 223 
Average, 225 



MaTimnm, 321 
Minimum, 311 
Average, 316 



Maximum, 364 
Min imum, 364 
Average, 364 



Maximum, 444 
Minimum, 444 
Average, 444 



_ 



! Six specimens tested. 

> All specimens heated for 1^ hours and air chilled from 1,000* C. before oil quenching as shown. 



Digitized by 



GoogI( 



3150 AX. (X75.) 



3150 A6. (X75.) 
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3150 Al. (X75.) 



3150 A2. (X75.) 

152-2 
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3150 A3. (X75.) 



3150 A4. (X75.) 
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3150 A5. (X75.) 
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NI.VA. INGOT. AIR CHILLED FROM 1.000* C. UNFORCED. (X75.) 



NI.VA. INGOT. AIR CHILLED FROM 1,000* C. OIL QUENCHED FROM 770*C. 
UNFORCED. (X75.) 
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3150 BX. (X75.) 



3150 B6. (X75.) 



Digitized by 



GoogI( 



Digitized by 



GoogI( 



3150 Bl. (X75.) 



3150 B2. (X75.) 



Digitized by LjOOQIC 



Digitized by 



GoogI( 



3150 B3. (X75.) 



3150 B4. (X75.) 
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3150 B5. (X75.) 
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NI.VA. INGOT. AIR CHILLED FROM 1.000° C. FORGED. (X75.) 



NI.VA. INGOT. AIR CHILLED FROM 1.000* C. OIL QUENCHED FROM 
770** C. FORGED. (X75.) 
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16S 






.N'l. 



Bpedmen 
namb«r. 



Heat 
treatanent. 



Elastic 

limit 

Gbs. per 

sq. in.). 



Tensile 



sq. in.). 



Eloqga- 
tkui. 



Con- 
trac- 
tion. 



Charpyimpact 
test (ft. lbs. 
persq. in.). 



Brinellball 
hardness num- 
ber. 



3150 BX 



3150 B6> 



3150 Bl s 



3150 B2S 



3150 B3> 



3150 B4S 



3150 B6S 



As forged 

Oil quenched 
from 770* 
C; drawn 
one-half 
hoar at 710* 
C. 

Oil quenched 
from 770* 
C; drawn 
one-half 
hoar at 700* 
C. 

Oil quenched 
from 770* 
C; drawn 
one-half 
hoar at 050* 
C. 

Oil quenched 
from 770* 
C; drawn 
one-half 
hour at 550* 
C. 

Oil quenched 
from 770* 
C; drawn 
one-half 
hour at 450* 
C. 

Oil quenched 
from 770* 
C; drawn 
one-half 
hour at 350* 
C. 



96,500 



75,000 



81,000 



107,500 



143,500 



151,500 



180,500 



144,000 



101,600 



105,500 



121,600 



147,500 



167,000 



191,500 



P.et. 
12.5 



24.0 



22.5 



19.0 



15.1 



12.0 



7.5 



20.5 



51.0 



40.2 



49.1 



40.3 



34.0 



20.5 



{Maximum, 91. 6 
{Minimum, 73.7 
Uii«emge,i 83.8 

{Maximum,231.0 
Mlnimlmi, 214.0 
ATerage,^ 226.0 



[Mazimum,320.5 
Minimum, 231. 4 
[Ayerage,i 266.8 



r M'ftxJfnnTn Jtan. 5 
Minimum, 155.1 
[Average,! 246.8 



KMaximum,201.2 
Mfaiimum, 150.0 
Average,! 176.1 



[Maximum,166.0 
Minimum, 132. 
[Average,! 144.1 



f Maximum,120. 5 
/Minimum, 64.7 
(Average,! 88.6 



Maximum, 286 
Minimum, 277 
Average, 284 

Maximum, 196 
Minimum, 187 
Average, 193 



Maximum, 228 
Minimum, 196 
Average, 211 



Maximum, 302 
Minimum, 241 
Average, 264 



M ftT^Tnniw, 321 
ViTiiinnni , 269 

Average, 300 



lli^'rinin ni, 340 
M^piwiiim ^ 321 
Average, 326 



Maximum, 418 
Minimum, 387 
Average, 392 



! Six specimens tested. 

> All specimens heated to 1,000* C. for 1§ hours and air chilled before oil quenching as shown. 



Digitized by 



GoogI( 



154 EXPEBIMEKTS ON HEAT TREATMENT OF STEEL. 

XZPXBIICXIITS OK STKIL BT STUDSNT OJTKlCJUiS. 

(ClMB or 1913*14.] 

1. EiBtect of forging temperatures. 

2. Comparison of cast and forged steels. 

The following experiments were performed by the student officers 
on duty at this arsenal. 

The object of experiment No. 1 was to show the ejBtect of the 
finishing temperature of forging on the grain size and physical prop- 
erties of forged steel. 

The object of experiment No. 2 was to show the effect of heat treat- 
ment on cast and forged steel. 

An ingot of the composition given below was cast in the foundry. 
A heating and cooling curve of this metal is appended. 

For experiment No. 1 a section was forged, finishing at the tem- 
peratures shown. Physical tests and micrographs were made after 
each operation. The results are arranged in a convenient order for 
comparison. 

For experiment No. 2, a section of this ingot was forged, finishing 
at 1,450 F. Specimens of this forged section and of the original 
cast metal were given identical heat treatments. Physical tests and 
micrographs were made after each operation. The results are arranged 
in a convenient order for comparison. 

Chemical analysis of student officer* s ingot. 

Per cent. 

C a 332 

Mn 50 

Si 183 

S 051 

P : 036 
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EXPERIMENT NO. 1. 
EFFECT OF FORGING TEMPERATURE. 



FIG. 1. 

Finished at 1,600* F. 

Elastic limit, 45,000 pounds per square Inch. 

Tensile strength, 83,500 pounds per square Inch. 

Elongation, 25 per cent. 

Contraction, 40.3 per cent. 



FIG. 2. 

Finished at 1,450* F. 

Elastic limit, 50,500 pounds per square Inch. 

Tensile strength, 81,500 pounds per square Inch. 

Elongation, 23.5 per cent. 

Contraction, 27.4 per cent. 
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FIG. 3. 

Finished at 1.250° F. 

Elastic limit, 42,500 pounds per square Inch. 

Tensile strength, 82,000 pounds per square inch. 

Elongation, 25.5 per cent. 

Contraction, 37.2 per cent. 



FIG. 4. 

Finished at 1,050" F. 

Elastic limit, 54,500 pounds per square inch. 

Tensile strength, 84,500 pounds per square inch. 

Elongation, 22.5 per cent. 

Contraction, 34 per cent. 
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EXPERIMENT NO. 2. 
COMPARISON OF CAST AND FORGED STEEL. 



FIG. 5. 

Cast steel as cast, unannealed. 

Elastic limit, 39.000 pounds per square inch. 

Tensile strength, 77,000 pounds per square Inch. 

Elongation, 10.5 per cent. 

Contraction, 16.9 per cent. 



FIG. 6. 

Forged steel as forged and not annealed. Forging started 

at 1,850" F., finished at 1,450' F. 
Elastic limit, 50,500 pounds per square Inch. 
Tensile strength, 83,500 pounds per square inch. 
Elongation, 27.5 per cent. 
Contraction, 43.3 per cent. 
Note. — All forged steel in this experiment forged as above. 
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FIG. 7. 

Cast steel, annealed at 1,500* F. for three hours and cooled slowly. 
Elastic limit, 41,000 pounds per square inch. 
Tensile strength, 79,000 pounds per square inch. 
Elongation, 19 per cent. 
Contraction, 24 per cent. 



FIG. 8. 

Forged steel, annealed same as above. 
Elastic limit, 46,000 pounds per square Inch. 
Tensile strength, 80,500 pounds per square Inch. 
Elongation, 27 per cent. 
Contraction, 46.2 per cent. 
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FIG. 9. 

Cast steel, cooled in air from 1 ,500* F. 
Elastic limit, 49,500 pounds per square Inch. 
Tensile strength, 81,000 pounds per square inch. 
Elongation, 15.5 per cent. 
Contraction, 20.5 per cent. 



FIG. 10. 

Forged steel, heat treatment same as above. 
Elastic limit, 54,000 pounds per square inch. 
Tensile strength, 84,000 pounds per square inch. 
Elongation, 25.5 per cent. 
Contraction, 43.3 per cent. 
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FIG. 11. 

Cast steel, chilled in air blast from 1,500** F. 
Elastic limit, 50,000 pounds per square inch. 
Tensile strength, 79,000 pounds per square inch. 
Elongation, 15 per cent. 
Contraction, 24 per cent. 



FIG. 12. 

Forged steel, heat treatment same as above. 
Elastic limit, 55,000 pounds per square inch. 
Tensile strength, 85,000 pounds per square inch. 
Elongation, 25.5 per cent. 
Contraction, 40.3 per cent. 
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FIG. 13. 

Cast steel, quenched in oil from 1.500** F. 
Elastic limit, 62,000 pounds per square inch. 
Tensile strength, 100,000 pounds per square inch. 
Elongation, 1 1 .5 per cent. 
Contraction, 24 per cent. 



FIG. U. 

Forged steel, heat treatment same as above. 
Elastic limit, 68,000 pounds per square inch. 
Tensile strength, 109,500 pounds per square Inch. 
Elongation, 18 per cent. 
Contraction, 40.3 per cent. 
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FIG. 15. 

Cast steel, quenched In water from I.SOO** F., then drawn 

at 800° F. for two hours. 
Elastic limit, 68,000 pounds per square inch. 
Tensile strength, 108,500 pounds per square inch. 
Elongation, 7 per cent. 
Contraction, 9.5 per cent. 



FIG. 16. 

Forged steel, heat treatment same as above. 
Elastic limit, 65,500 pounds per square inch. 
Tensile strength, 117,000 pounds per square inch. 
Elongation, 18.5 per cent. 
Contraction, 37.2 per cent. 
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FIG. 17. 

Cast steel, quenched in water from 1,500"* F., then drawn at 

1,000* F. for two hours. 
Note. — Temperature ran considerably over 1,000* for a very 

short time. 
Elastic limit, 69,500 pounds per square Inch. 
Tensile strength, 107,000 pounds per square Inch. 



FIG. 18. 

Forged steel, heat treatment same as above. 
Elastic limit, 66,500 pounds per square inch. 
Tensile strength, 101,000 pounds per square inch. 
Elongation, 22 per cent. 
Contraction, 51.9 per cent. 
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FIG. 19. 

Cast steel, quenched In water from 1,500"* F., then drawn at 

1,200* F. for two hours. 
Elastic limit, 58,000 pounds per square Inch. 
Tensile strength, 91,500 pounds per square Inch. 
Elongation, 15.5 per cent. 
Contraction, 27.4 per cent. 



FIG. 20. 

Forged steel, heat treatment same as above. 
Elastic limit, 55,000 pounds per square inch. 
Tensile strength, 88,000 pounds per square inch. 
Elongation, 27.5 per cent. 
Contraction, 62.3 per cent. 



Digitized by 



GoogI( 



Digitized by 



GoogI( 



FIG. 23. 

Catt %*fi!«;\. oje-c^'^'j > water at 1,500* F., then dra^n at 

!///>* F. I'.r t//o rci. 
Ela-.* ^ I.-" ♦, A?j'//) p', >^-js per square irch. 
T*:'- -i l«j '^"TH" v,*r , 78 "//J pca^ds per square inch. 
E.o'y^j* 'x, 20 per ce-t, 
Cor.tracliOfi, 24 per ce^-t- 



FIG. 24. 

Forged steel, heat treatment sanne as above. 
Elastic limit, 47,500 pounds per square inch. 
Tensile strength, 80,000 pounds per square Inch. 
Elongation, 2/. 5 per cent. 
Contraction, 51.9 per cent. 
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FIG. 26. 

(""fnpd ntnnl, heat treatment same as above. 
\ Ifi'^llo limit, 40,D00 pounds per square Inch. 
I micjIIb nt^Ptjuth, 7^}, 000 pounds per square inch. 
rioiu'MlltMi, 'J\,'i pnr cf»nt. 

rUMllrtrllOM, 14 ppr C«»f)t. 
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FIG. 27. 

( n^t ^t««l, i]\innf\\nfi In water at 1,500* F. Reheated in crucible 
»'. n«-nf tho frmltifu: r)oirit of steel. Cooled slowly In lime. Then 

f..fM,h«if||n(| n\ ].'>'»()• f. 
I UiniK limit. Ay,()()() i)oun«^J«» per square Inch. 
li.M'.ilo ntron^lh, /H.OOO pounds per square Inch. 
\ iMMrMllfiM, Ifi.'i |)or (,onl. 
( Miil»M( tlon, 'J/ A pnr cnnt. 
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CRITICAL TEMPERATURES OF NICKEL AND 
CHROMIUM STEELS. 
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A STUDT OF THE CSITICAL TEMPEBATUBES OF HICKEL AID 

CHBOKIXnE STEELS. 

The object of this experiment was to detennme the effect of vary- 
ing additions of nickel or chromium on the critical temperatures of 
steel of about the foUo¥nng composition: 

Percent. 

C 0.50 

Mn 50 

Si 15 

S leas than .05 

P leas than .05 

Steel was taken from the Tropenas converter, the composition 
being obtained by the addition oi f erromanganese, ferrosilicon, and 
washed metal in the ladle. 

For the nickel steels, the additions of nickel were preheated in 
clay-lined crucibles. Thirty pounds of the molten steel, composition 
given above, were then poured into each crucible. 

For the chrome steels pure metallic chromium was preheated, and 
the molten metal poured over it as before. It was found, however, 
that the chromium would not go into solution, but floated to the top 
with the slag. The desired c&omium steel was finally obtained by 
heating in a clay-lined crucible ferroman^anese, ferrosilicon, washed 
metal, and chromium with low-carbon boiler punchings until the 
whole was in a molten condition. After holding for one and one-half 
hours at furnace temperature the steel was poured. 

The mold used was made of cast iron 3 incnes diameter and 6 inches 
long. A dry-sand collar was placed at the tojp of the mold in order 
that the pipe would form in this collar, thus giving sound steel in the 
6-inch length. The resulting ingot was then forged to 1 inch diamete 
and samples 1 inch long were taken for the experiment. 

These samples were heated in an electric resistance furnace, and the 
Acjand Ar^ points determined by the time temperature method. 

The temperatures were determined by means of a platinum^ 
platinum-rhodium thermo couple, connected to a cold junction, 
which in turn was connected to a Leeds & Northrup precision poten- 
tiometer, which insured great accuracy in measurmg temperatures. 
By use of a conversion table, the voltage read on the potentiometei 
was changed over to degrees centigrade. The time intervals of cool- 
ing were measured by means of a stop watch. In every case we tried 
to lieat and cool at me same rate, and the heating was carried up to 
approximately 860° C, from which cooling be^an. 

Temperatures were plotted as ordinates a^amst times of cooling as 
abscissee, and the pomt at which the break came in the curve was 
taken at the critical point. Such curves are diown in plates No. Ill 
to No. XXTT. The following tables show the results obtained: 
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TEMPEBAIUBES OF IHCKEL AND CHBOMIUM STEELS. 



IS 9 



No. Of 
specimen. 


Percent 
nickel 


Tempera^ 
tureof Aci. 


Tempera^ 
tureof An. 


Aci-An. 





0.0 


740 


672 


6S 


1 


0.59 


739 


667 


72 


2 


0.825 


739 


653 


86 


3 


L49 


732 


646 


86 


4 


2.20 


714 


623 


81 


5 


2.38 


706 


613 


93 


8 


3.02 


703 


678 


125 


10 


8.78 


092 


563 


129 


7 


3.80 


693 


559 


134 





3.82 


699 


584 


115 


No. of 


Percent 


Tempera- 


Tempera- 


Aci-An. 


specimen. 




ture of Aci. 


ture of Ari. 


12 


0.27 


743 


671 


72 


11 


0.41 


743 


672 


71 


16 


0.48 


738 


666 


72 


14 


0.71 


723 


661 


62 


14A 


0.815 


754 


686 


68 


ISA 


1.01 


761 


690 


71 


19 


1.35 


758 


699 


59 


15B 


2.71 


789 


737 


52 


16B 


2.92 


785 


748 


89 


18B 


3.48 


794 


737 


47 


19B 


4.05 


791 


748 


43 



Plot No. I shows the curves formed by plotting temperatures as 
ordinates against per cents nickel as absciss®. Plot No. 11 shows 
temperature plotted against per cent chromium. The dotted lines 
show the true curves iraile the solid lines show the ideal curves. 

In plot No. I the crosses refer to critical points of nickel steels 
which were previously determined at the arsenal. It will be seen 
that these pomts lie extremely near the ideal curve and the deviation 
might well be due to experimental error. 

As a result of this investigation, it is concluded that as the nickel 
content of a steel increases up to 4 per cent, its critical temperature 
decreases; the critical temperature on cooling decreasing more rapidly 
than that on heating. Beyond 4.05 per cent no experimental data 
were obtained. Curves Ar^ and Ac^ on plot No. I Siow the results 
of varying per cents of nickel on the critical points. 

The investigations with chromium indicate that increasing the 
chromium content raises the critical temperature. The critical tem- 
perature on cooling rises more rapidly tnan that on heating. Plot 
No. II shows that the only inconsistent points are those where the 
chromium content is 0.71 per cent, and it is therefore assumed that 
this discrepancy is due to experimental error. 
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TBMPERATUBES OF NICKEL AND OHBOMIUM STEELS. 
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TEHPSBATUBES OF NICKEL AND CHBOMIUM STEELS. 
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Thermocouples are used at Watertown Arsenal for the measure- 
ment of high temperatures. 

The principle of the thermocouple is ''the junction of two metals 
heated to a given temperature is the seat of an electromotive force 
which is a function of the temperature only." ^ 

The electromotive force thus developed is measured by a poten- 
tiometer. 

For laboratory and experimental work rare metal couples of 
platinum and 90 per cent platinum plus 10 per cent rhodium are 
used, in connection with a Ijeeds & Northrup potentiometer, reading 
to 1 microvolt. The maximum instrumental error, therefore, is less 
than 1^ C. 

For calibration purposes the rare metal couples are checked 
against the freezing points of pure metals and salts. Curves for 
zinc^ antimony, ana salt (NaCl) are shown on p^es 185 to 188. 

Tne pyrometers are used to obtain the critical temperatures of 
different steels. Curves shown on pages 188 to 203 give the Ac^ and 
Ar^ points for the rcjgular Ordnance Department cast and forged 
steels, also for some h^h carbon tool steels. 

1 liieasareiiieDt of Hifh Temperatures, Burgen & Le Ciiateller. 
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METAIXOGBAFHZC EXAMIVATIGVS. 
KXAICNAXION OF BBONZBB, BHOWZNa VABIOUS SIZES OF OBAIN. 



Branse 


Test piece. 


Approziiiiate cheniical oomposltioiL 


TensdQe 
strength. 


Elon- 
gation. 


Con-' 


No. 


No. 


Description. 


Cop. 
per. 


Zinc. 


Tin. 


Steel 
alloy. 


Alumi- 
num. 


trac- 
tion, 1 


3 

4 
4 
3 


1109 
1187 
1185 
1194 


Very coarse.. 

Coarse 

Fine 

Oxidlied.... 


Peret. 

57 

58.54 
58.54 
57 


Per a. 
42.5 
38.7 
38. 7 
42.5 


Peret. 
0.5 

.6' 


Peret. 


Peret. 


Lbe. 

58,400 
69.200 
61.000 
45,000 


Peret. 
11 
13 
36.5 
10.5 


PerctJ 
11.6 i 


2.55 
2.55 


0.21 
.21 


16.3 
33.8 
9.3 1 









The above reported bronzes were regular Watertown Arsenal 
bronze test specimens which came to the laboratory for routine test- 
ing. The data on them have been collected and are presented here- 
with as being of interest because of the great difference in the fractures. 

Test specimen No. 1109 shows an extraordinarily coarse fracture 
with very large and distinct crystals. This bronze also shows very 
low ductility as measured by elongation and contraction. Such a 
coarse fracture as this tends to indicate that the metal was poured 
much too hot^ or possibly too cold. The fracture is clean, however, 
and does not mdicate excessive oxidation. 

Test specimen No. 1187, of Watertown Arsenal No. 4 bronze, 
shows the same type of fracture as No. 1109, though not nearly so 
coarse. The crystals are quite distinct and indicate that this bronze 
also was poured either too hot or too cold. The strength of this 
specimen was good, but the ductility was low. 

Test specimen No. 1185 is very good all aroimd. The strength is 
but slightly under that of No. 1187, and the ductilitj is ipateriallj 
bettered. The fracture shows a fine grain and the microstructure is 
characteristic of a good bronze. 

Test specimen No. 1194 shows low ductility on account of oxida- 
tion of tne metal. This oxidation is readily seen in the photograph 
of the fracture. 
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MICBOSCOFIG EXAMINATION OF TEST SPECIMENS OF GUN FORQINaS. 

The object of this series of examinations was to obtain informa- 
tion regarding the character of the heat treatment of gun steels, 
and to ^et data as to the possibihty of incorporating into the exist- 
ing specifications a clause relating to the type of microstructure. 

Inasmuch as the number of specimens was very large, it was de- 
cided to select at random various specimens. In some cases por- 
tions of all test pieces submitted from a particular gun were exam- 
ined, and in other cases random specimens illustrating successful and 
unsuccessful physical tests were examined. 

Each specimen was examined in the polished but unetched condi- 
tion for slag, and after etching for 10 seconds with 4 per cent alco- 
hohc nitric acid for type of structure. 

Slag was found in a surprisingly large number of specimens, but 
mostly in a fine state of subdivision and consequently in a form 
which would not show its effects appreciably on the physical proper- 
ties. It was present in such quantities in some specimens, however, 
as to produce on the etched specimen very well-marked and good-sized 
streaks. In such cases the slag was drawn out in the du'ection of 
forging and occupied the central portion of tiie streaked area. A 
very good example of this was found in 12-inch mortar jacket 128758 
Bl, as shown in photograph No. 1. 

The structure usually found was sorbitic in character and indicated 
. a satisfactory heat treatment. There were variations from this, 
however, which were important. The most satisfactory structure 
shows a uniform field with even distribution of the ferrite and 
cementite, and both in a very fine state of subdivision with Uttle or 
no tendency for ferrite to form cell walls. In some cases this cell 
waU or granular formation was very marked, as shown in photographs 
Nos. 2, 3, and 4, taken from guns indicated. This is probably not 
a dangerous structure to have, but it does not seem so desirable as 
the more homogeneous structurcwithout the cell formation. 

Another variation of importance is found in specimens taken from 
the test pieces representing the inner, middle, and outer sections of 
gun L703. The middle portion is quite different from the inner and 
outer portions, and these in turn are shghtly different from each 
other. The middle portion shows a semimartensitic structure which 
indicates that the oil- hardened material had not been sufficiently 
drawn so as to convert it into the sorbitic condition. The outer 
section shows a troostitic structure which is a transition between 
that of martensite and sorbite. Photographs Nos. 5, 6, and 7 show 
the structure of the outer, middle, and inner test pieces taken from 
the muzzle end of gun L703. Not only do variations of this kind 
occur in the inner, outer, and middle sections of the breech or muzzle 
ends of the forging, but there are variations between the muzzle and 
breech ends of the same forging. 
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206 METALLOORAPHIC EXABilKATIONS. 

It was not thought desirable to examine all of the test pieces sub- 
mitted, as it was TuUy believed similar variations would be found. 
It is not known to what extent the presence of slag and streaks and 
the variations of structure such as found would have upon the life of 
a gun, but it seems highly desirable to have as little forei^ material 
as possible present, and it is fully believed that a more uniform type 
of structure should be found in all guns. Having once decided by 
experimental evidence upon the most desirable type of structure; 
this type could then be reproduced in each gun. ^e exact repro- 
duction would be complicated somewhat by the size of the forgmg, 
but means could be devised to overcome this difficulty. 



Digitized by 



GoogI( 



inom CMcor^o 



Q 
UJ 

I 
O 
h- 
UJ 



O 

z 



o 

UJ 

I 
o 

I- 

UJ 

z 

Z) 



o 

z 






Digitized by 



GoogI( 



Digitized by 



GoogI( 



vpinm QOooc 



m 



d :::::::: 

UJ 

I :::::::; 



H :::::::■ 

in ; 

en ! ! I ! I ! I * 

6 :::::::• 
z .......; 

in !!'.!!'. I ; 
r^ 

X :::::::: 

Q :::'.::!: 

UJ :::!:::• 

1 : 

o :::::::• 

h- : 

UJ 

z :::::::• 

z) ::::::;! 

en ....!... 

6 :::::::: 
z :::::::; 

! I ! ! ■ ' !m 

. I . . I I , O) 

• 0) 

!!!'!! !ii 

. • . ^ ._ . • (0 



Digitized by 



GoogI( 



Digitized by 



GoogI( 



mcst- ^ 



O 
UJ 

I 
O 



o 

z 



I 
o 

UJ 

z 

Z) 



o 

z 



OOOc 



Digitized by 



GoogI( 



Digitized by 



GoogI( 



ocMoo csim'«*-o 

0>VpCMv-rOT-T— »n 

ro ^ OJ ^ ^ CsHO <^ 

roc^i * "r-^ * *c4" 

m 

CO 

-o 

....... c 

3 

o 

....... Q_ 

X :::::::• 

Q :::::::* 
lu ; 

I :::::::■ 



H : : ; 

uj :::::::: 

^ :::::::; 

d :::•••'• 
z ...::::: 

«n .'!!!!!!' 
r^ 

X :::::::; 

Q :::::::• 

UJ 

1 :::::::• 

o 

h- ;■:•'::■ 

Hi ...'.'...'. 

z 

"** '.','.',:'.','. 

6 :::':::: 
z ...:.... 

i ! ! ! ! ! I-c 
'■•••• 'ti 
"•'•'•' c 
I I , ; ; ; I 0) 

• !•!!.• M 
;;;;;;!« 

. • . .^ . J . • <D 



Digitized by 



GoogI( 



Digitized by 



GoogI( 



CM m o» *0 VO CM »- ,. 

in^pvqincMr«.o> 



Q 
UJ 

I 
O 

UJ 



O 

z 



o 

UJ 

I 
o 

I- 

UJ 

z 



o 

z 



UOo£ 



Digitized by 



GoogI( 



Digitized by 



GoogI( 



CN ^0 O CM 00 O VD iTI 

ppooinrn*— irtr- 
cnc4 ' 'r-' ' 'en 



X 



Q 

UJ 

I 

o 

h- 

UJ 



o 

z 



X 



o 

UJ 

I 
u 

UJ 

z 



o 

z 



:^ 



. • . h ._ . • <D 



Digitized by 



GoogI( 



Digitized by 



GoogI( 



mom cMooQC 

00^"»tO"^0»ChC 

'-; 'T r»; vq in 1-; *o c 



Q 
UJ 

I 
o 



o 

z 



o 

UJ 

I 
o 

H 

UJ 

z 

Z) 



o 

z 






Digitized by 



GoogI( 



Digitized by 



GoogI( 



EROSION OF GUNS. 



207 



Digitized by 



GoogI( 



EBOsiov OF Ginrs. 

Since the report upon ** tests of trepanned rings from 12-mch guns/' 
which ap]>eared in the Tests of Metals for 1913, further evidence has 
been obtained on the cause of the formation of the hard surface layer 
in guns. This evidence has been developed through a further study 
of specimens taken from the trepanned 12-inch ^un and from some 
tests made on pressure plugs. Through expenments made u]pon 
some experimental pressure plugs considerable additional and mi- 
portant evidence has been obtained. 

Jt is generally beUeved that heat cracks are the result of the unequal 
expansion which takes place between the hard and soft layers of 
metal; the harder layer, oeing the more brittle, reUeves the tension in 
the form of cracks. It is important, therefore, to consider the cause 
of the hard layer. 

(A) Hardening may be produced by raising the temperature of the 
steel above the Acj point ajid cooUng it very quickly through the 
Ari point. 

(B) Hardening may be produced by cementation of the surface 
at high temperature and pressure by the products of combustion of the 
powder. 

(C) Hardening mav be produced by mechanical work done upon the 
metal bv means of the rotating band. 

1. (A) In producing hardness by this method it is necessary to 
assume that the surface of the metal is heated to at least 730° C. and 
is very quickly cooled by the surrounding large mass of metal. The 
temperature of the explosion chamber is much higher than is neces- 
sary to produce this result, and it is hiffhlv probable that the tem- 
perature throughout the gun is sufficiently high to raise a skin of the 
metal above its Acj point. 

If this method of hardening is the cause of the hard surface layer, 
a cross section of the layer should show a martensitic structure and 
perhaps the transition structure of troostite between the martensite 
and the normal sorbitic structure of the gun. Rosenhain ^ and also 
Belaiew^ have reported martensite in the hardened surface of the 
rifling of a gun, but so far in the various guns examined no distinct 
martensitic structure has been found, although evidences of troostite 
have been found. This would indicate strongly that the hard layer 
was produced by this process, although the microscopic evidence is 
not conclusive. It is difficult to see, nowever, why selective action 
should take place on the driving edges of the muzzle end of the gun 
if this process alone were acting. Light on this phenomena is fur- 
nished Dy examination of the experimental pressure plugs, which 
will receive consideration after discussing the other methods of pro- 
ducing hardness. 

2. (B) The products of combustion of the powder charge are carbon 
monoxide, carbon dioxide, water vapor, and nitrogen, and there is 
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1 Rosenhain: Discussion Int. Soc. Testins: Materials. 1913, Section A, p. 122. 
* Belaiew: Discussion Int. Soc. Testing Materials, ldl3, Section A, p. 122. 
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BBOSION OF GUNS. 209 

abundant evidence from many sources, but none more convincing 
than the recent work of Giolitti and Camevali,^ that steel may be 
carbonized by carbon monoxide under pressure. By this process 
the surface may be enriched in carbon, and iron carbide or cementite, 
a very hard, brittle material, is produced. Such a process may easily 
go on in the combustion chamber and some distance forward, but it is 
difficult to see why selective action in favor of the driving edge should 
take place. Cenaentite, the microscopic constituent, is distinguished 
by the fact that it etches to a dark color when heated in a solution of 
sodiimi picrate. Experiments with this reagent have given negative 
results, and while this process of producing nardness may be a con- 
tributory cause, it is certain that it is not the main cause, otherwise 
evidences of cementite would have been found. 

3. (C) The recent work of Beilby ^ has thrown much Ught upon 
the nature of surface hardness produced by friction. He has shown 
that when a surface of any metal is subjected to friction the surface 
layer flows in much the same manner as if in the Uc^uid condition. 
This skin of metal shows unmistakable evidence of its having pos- 
sessed the mobiUty of a liquid, and in its final state is hard and amor- 
phous, and is easily distinguished from the metal immediately 
beneath it. 

In the firing of a gun there is abundant opportimity for the pro- 
duction of a hardened skin of this type, due to the friction between 
the rotating band and the rifling. The greatest amoxmt of friction 
should be produced in the early stages of the explosion when the 
projectile is beginning to attain its velocity and when the rotating 
Dand is in contact witn the whole surface of the rifling. The friction 
should, however, be diminished toward the muzzle end on account 
of the wearing awav of the rotating band. This theory would account 
satisfactorily for tne fact that at the muzzle end of the gun there is 
foimd a hardened skin only on the driving edge of the land. It will 
not, however, account for the fact that tho pressure plugs also show a 
hardened surface. 

In order to study the effect of firing upon pressure plugs, two 
experimental plugs were prepared for service and careful chemical 
analysis and microscopic examination was made of the steel before 
placing in service. After having been in service for some time they 
were returned for further examination, with the following results: 

It was hoped to make a chemical analygis for carbon of the hard- 
ened surface, but the hardening had been selective in its action, and 
this, therefore, was not feasible. 

Careful microscopic examination brought out the fact that hard- 
ening had taken place selectively, and that the places where the action 
had occurred corresponded to points where pressure or work upon the 
metal had been severe. It seemed, therefore, that there was some 
relationship between the growth of the hard surface and the amount 
of work put upon the metal. This is well illustrated in photograph 
No. 1, which snows a portion of the letter O. The die, in making its 
impression upon the metal, compressed the interior of the letter &om 
all sides and consequently to a greater extent than the exterior. 
The hard material appeared uniformly on the edge of the interior, 

1 Giolitti and Camevali: Joum. Iron & Steel Institute, 1911, No. 2, p. 331. 
« Beilby: Inst, of Metals, Vol. VI, p. 5. 
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210 BBOBION OF OUN8. 

while it hftd only beeun to form on the exterior. In the formation 
of the letter S simihff results were obtained, with the maximum 
Amount of hardness in the interior of the two bands. Another 
example is shown in photograph No. 2, which shows a period stamped 
in the metal. On one side only is shown the formation of the hard 
material. Ihis mijght be accounted for by assuming that the die 
had not been held in a truly vertical position, and that one side had 
receifFed somewhat more work than the other, and at that side the 
formation of the hard surface had taken place. Other evidence of 
simihr charaeter was obtained from nearly every letter on the face 
of the pressure l>lug, not only from the stamping of the letters but 
from the machining of the material. 

Cementation, as the chief cause of hardness, must be eUminated 
because of the failure to get any reaction with sodium^picrate solu- 
tion. It became evident from the pressure-plug experiments that 
the growth of hard metal is in some way connected with the plastic 
deformation produced, either b^ the rotating band upon the rifling 
or the work of the die in stamping the letters on the pressure plug. 
In other words, the strained metal is apparently more s^ositive or 
reactive than the same material in the unstrained condition* Consid- 
ering methods A and C of hardening as working together, theare seems 
to be a reasonable explanation for au of the phenomena observed in the 
interior of guns. 

This view would necessitate the presence of martensite m these 
hard surfaces, and so far it has not actually been observed, but 
indirect evidence speaks in its favor. On tempering metal containing 
the hard material, troostite, a transition form between martensite 
and sorbite has been found, and this could result by the method 
emj^oyed only from martensite. Further, troostite has been ob- 
served adjacent to the hard layer, and also in the positions where the 
hard laj^er is in process of formation. ^When it is considered that in 
all positions where hardness occurs there is also plastic deformation, 
it is not surprising that the normal needlelike structure of martensite 
is missing. 

The evidence presented herewith is in no sense to be considered 
conclusive, but merely as a step toward the solution of the problsm. 
Further experiments are in progress with the hope of throwing more 
light on this question. 
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PRIVATE TESTS. 

Tests made /or private parties during the fiscal year ended Juru SO, 1914- 



Dtte. 



MateriftL 



Name. 



City and State. 



Oct. 



1913. 

July 18 

21 

21 

22 

24 

30 

Aug. 8 





18 

20 

20 

25 

26 

28 

29 

Sept. 2 

6 

6 

9 

12 

13 

16 

19 

26 

30 

1 

9 

10 

22 

Nov. 3 

12 

17 

24 

25 

26 

29 

29 

Dec. 6 

8 

8 

8 

13 

16 

18 

19 

29 

30 

31 

1914. 

Jan. 6 

13 

14 

16 

19 

20 

26 

28 

29 

30 

Feb. 2 

3 

7 

13 

14 

16 

17 



212 



Eyebolto 

Concrete building block. 

do 7: 



Rabber belting 

Iron ban 

Concrete building block . 

do 77. 

Buoy shackles 

Concrete building blocks. 

Chain 

Shackles and swivels 

Concrete buOdlng blocks. 

Autoni()bfle hhiges, 
do, 



New En^dand Bolt & Steel Co 

OustaveKappoli 

S.D.Lake 

Columbian Rope Co 

Boston Woven Mose ic Rubber Co. 

LaooniaCarCo 

S.R.Shults 

Oustave Rappoll 

Fletcher & Ciowell 

J. Pacanowski 

Fletcher & Cr^ell 



Gustave Rappoli.. 
.do.. 



Concrete building blocks. 

Steel from shaft 

do 

Iron bar 

Wire rings ,.... 

Cast iron 

Columns with screw caps 

Rope 

White metal 

Cast iron 

Interlocking tiles 

Tumbuckles 

Concrete building blocks. 

Cast iron 

Steel 

Rubber belting 

Snatch and gun blocks . . 

Shelf supports 

Steel 

Cast iron 

do 



Chrome vanadium steel. 

Cast iron 

Concrete building blocks, 
do. 



Steel plates and roller... 

Building bricks 

Steel 

Concrete buildingblocks. 
do. 



Cast iron. 
Babbitt.. 
do.... 



Shelf supports 

Steel 

Iron bars 

Cast iron 

Iron bars 

Swivel hook 

Shelf supports 

Cast iron 

Concrete building blocks. 

Steel 

do. 



Shelf supports 

Cast-iron Drackets . . 

Cast iron 

SheU supports 

Steel 

Cast iron 

Buoy shackles 



Soss Manufacturing Co 

do 

Ralph Sylvester 

Rumford Falls Power Co 

....do 

LaconiaCarCo 

Hood Rubber Co 

Davis & FamumMfg. Co 

United States C<dumn Co 

Columbian Rope Co 

Sauveur & Bojdston 

Davis & Famum Mfg. Co 

The Ohio Clay Co 

Marine Hardware Equipment Co.. 

City of Lawrence 

Davis & Famum Mfg. Co 

Savage Arms Co 

Revere Rubber Co 

Boston & Lockport Block Co 

The Snead & Co. Iron Works 

Savage Arms Co 

Turners Falls Co 

Davis & Famum Mfg. Co 

Leonard Waldo , 

Davis & Famum Mfg. Co 

Columbia Concrete Co 

The Dry WaU Block Co. (Inc.).... 

Herbert E. Dickson 

New England Brick Co 

Savage Arms Co 

Wm. J. McCarthy Co 

H. S.Hemingway 

Davis & FamumMfg. Co 

Sauveur de Boylston 

....do 



The Snead & Co. Iron Works.. 

Savage Arms Co 

Laconia Car Co 

Davis & Famum Mfg. Co 

James F. Marley 

Boston & Lockport Block Co.. 
The Snead & Co. Iron Works.. 

Davis & Famum Mfg. Co 

The Star Concrete Co 

Prof. Albert Sauteur 

Savage Arms Co 

The Snead & Co. Iron Works.. 

United States Column Co 

Barbour & Stockwell 

The Snead & Co. Iron Works.. 

Savage Arms Co 

Davu & Famum Mfg. Co 

Fletcher & Crowell 



Everett. .«>.«». 
Medfora, Mass. 
Winchester, Mass. 
Auburn, N. Y. 



Laoonis, N. H. 
Buffalo. N. Y. 
Medford. Mass. 
Portland, Me. 
Buffalo, N. Y. 
Portland, Me. 

Da 
Medford, Mass. 

Da 
Boston, Mass. 

Da 
Medford. Mass. 
Rumford, Ma 

Da 
Laconia, N. H. 
Watertown, Mass. 
Waltham, Mass. 
Cambridge, Mass. 
Aubun^. Y. 
Cambridge, Mass. 
Waltham, Mass. 
Cleveland, Ohio. 
South Pcntland, Me. 
Lawrence, Mass. 
Waltham, Mass. 
Utica, N. Y. 
Chelsea, Mass. 
East Boston, Mass. 
Jersey City. N. J. 
Utica, N.Y. 
Tumers Falls, Mass. 
Waltham, Mass. 
New York, N. Y. 
Waltham, Mass. 
West Somerville, Mass. 
Buffalo, N. Y. 
New York, N. Y. 
Boston. Mass. 
Utica, N. Y. 
Somerville, Mass. 

Da 
Waltham, Mass. 
Cambridge, Mass. 

Da 

Jersey City, N.J. 
Utica, N.Y. 
Laconia, N. H. 
Waltham, Mass. 
Boston, Mass. 
East Boston, Mass. 
Jersey City, N. J. 
Waltham. Mass. 
Buffalo, N. Y. 
Cambridge..Mass. 
Utica, N. Y. 
Jersey City, N.J. 
Cambridge, Mass. 

Da 
Jersey City. N.J. 
Utica, N.Y. 
Waltham, Mass. 
Portland, Me. 
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Tests made for private parties during the fiscal year ended June SO, 1914 — Continued. 



Date. 



Material. 



Name. 



City and State. 



1914. 
Mar. 4 
5 
6 
10 
14 
16 
24 

25 
30 
Apr. 6 
8 
9 
9 
13 

15 

15 

16 

17 

17 

25 

May 1 

2 

4 

6 

8 

8 

9 

13 

13 

18 

19 

22 

27 

June 2 

2 

8 



Granite cabes 

Links 

Cast iron 

Concrete I uilding blocks. 

Iron bars 

Steel 

Concrete brick and con- 
crete building blocks. 

Concrete slab 

Steel 

Iron bars 

do 

Bronze 

Steel 

Steel tubing 



Concrete building blocks. 

Iron brackets 

Shelf supports 

do 

Stucco block 

do 

Iron bars 

Babbitt..*. 

Column 

Buoy shackles 

Concrete building blocks. 

steel 

Conduits 

Cast iron 

do 

Steel 

Manila rope 

Concrete building blocks. 

do 

Cast iron 



Stone Mountain Granite Co 

Marine Hardware & Equipment Co 

Barbour & Stockwell 

The Dry Wall Block Co. (Inc.)... . 

The Laoonia Car Co 

Savage Arms Co 

The Bridgeport Stone Co 



The Beiver Mfe. Co 

Savage Arms Co 

LaconiaCarCo 

Sauveur & Boylston 

Hudson Metals Co. (Inc.) 

Standard Steel Works 

The Hehry Souther Engineering 
Co. 

W. E. Harrington 

United States Column Co 

The Snead & Co. Iron Works..'... . 

do 

John W. Duff 

Trussed Concrete Steel Co 

LaconiaCarCo 

Sauveur & Boylston 

United States Ck>lumn Co 

Fletcher & Crowell 

J. F. Dwyer 

The Bridgeport Stone Co 

Wiedrick & Menders 

Savage Arms Co 

H-B Construction Co. (Inc.) 

Davis & Famum M^. Co 

LaconiaCarCo 

H. B. Lasrman 

Arlington Mills 

Albert E. Atkinson 

H. S.Hemingway 

LaconiaCarCo...^ 



Stone Mountafai, Ga. 
South Portland, Me. 
Cambridge, Mass. 
Buffalo, N. Y. 
Laconia. N. H. 
Utica, N. Y. 
Bridgeport, Ckmn. 

Boston, Mass. 
Utica, N. Y. 
Laconia. N. H. 
Cambridge. Mass. 
Bayonne, N. J. 
Philadelphia, Pa. 
Hartford, Conn. 

Boston. Mass. 
Cambridge, Mass. 
Jersey City, N. J. 

Do. 
Boston, Mass. 

Do. 
Laconia. N. H. 
Cambridge, Mass. 

Do. 
Portland, Me. 
Medford, Mass. 
Bridgeport, Conn. 
BufWo, N. Y. 
Utica, N. Y. 
Buffalo, N. Y. 
Waltham, Mass. 
Laconia, N. H. 
New York, N. Y. 
Lawrence, Mass. 
Buffalo, N. Y. 
Somervule, Mass. 
Laconia, N. H. 
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Analysis, chemical: Pa«^ 

6ar stock for 4.7-inch shrapnel cases 31 

Bearing bronze 90 

Breech bushings from 14-inch gun, model of 1907 Mi, No. 2 132 

Bronze from "V^tertown Arsenal foundry 204 

Cast-iron shell 206 

Nickel-vanadium steel 146 

Rotating bands for projectiles 44, 48, 51, 54, 57, 60 

Shrapnel-case metal 36 

Steel for experimental shrapnel cases 39 

Nickel-chromium experiment 168 

Student oflScers' ingot : 154 

Antimony, freezing point of, curve showing v 186 

Axles and crankpins, steel, Charpy impact tests on 137 

Band, copper, section from 12-inch projectile sdter seating, tensile test of . . . - • • 128 
Bands, rotating, resistance of — 

IJ-inch circular, projectiles Nos. 1 and 2 44, 48 

2-inch circular, projectile No. 3 51 

l^inch split, projectile No. 4. 54 

2-inch circular, projectile No. 5 57 

IJ-inch split, projectile No. 6 60 

Breech bushings from 14-inch gun, model of 1907 Mi, No. 2: 

Physical test 132 

Metallographic examination. . . , 133 

Bronzes, bearing: Chemical analysis of 90 

Friction tests of 89 

Microscopic examination of Watertown Arsenal 204 

Cases, shrapnel. {See Shrapnel cases.J 

Cast-iron shell, micrographs and chemical analysis of 206 

Chain: 

Fender chain for lock gates of Panama Canal, tensile test of 68 

Sling, for Watertown Arsenal, proof stresses applied to 76 

Charpj impact machine, test of 136 

Chemical analysis. (See Analysis, chemical.) 

Chromium and nickel steels, critical temperatures of 157 

CoejQfcient of friction, bronze test 90 

Columns, steel-built I, compressive tests of 63 

Cooling and heating curves. (See Curves.) 

Copper band from 12-inch projectfle after seating, tensile test of section of 128 

Cordage, tensile tests of shot fines for United States Life-Saving Service 108 

Coverm^ rubber, tensile tests of 110 

Crank nins and axles, steel, Charpy impact tests on 137 

Critical temperatures of nickel-chromium steels 157 

Curves: 

Chromium, influence of, on critical temperature 161 

Freezing points of — 

Antimony 186 

Sodium chloride 187 

Zinc 185 

Heating and cooling — 
Carbon — 

" Steel, eutectoid composition 199 

Tool steel "1-C" 198 

Tool steel "2-A" 200 

215 
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Ciirye»-<}ontiniied. 

Heating and cooling— Continued. 

Cast steel— Faee. 

No. 1 188 

No. 2 189 

No. 3 190 

Chromium ateel 171-181 

Forged steel — 

No. 1 191 

No. 2 192 

No. 3 193 

"A" 194 

"B" 195 

"C" 196 

"D" 197 

Nickel steel 162-170 

Nickel on critical temperature, influence of 160 

Nickel-vanadium steel — 

Brinell ball hardness test 150 

Charpv notched bar impact tests 149 

Ductifity 148 

(ngot 151 

Tensile strength and elastic limit 147 

Student officers* steel ingot 155 

Temperature curve of nickel-chromium steel 160-161 

Velocity distance — 

14 inch circular band, projectile No. 1 faces. . 45 

ij inch circular band, projectile No. 2 do 48 

2-inch circular band, projectile No. 3 do 52 

l^-inch split band, projectile No. 4 do 54 

2-inch circular band, projectile No. 5 do 58 

1 J-inch split band, projectile No. 6 do 60 

Cylinder, fractured, test specimens from 126 

Drills, twist, hardness numbers by shore scleroscope on 129 

Erosion of ^ns 207 

Fender chains for Panama Canal lock gates, tensile tests of .' 68 

Foundation rubber, tensile tests of ; 110 

Freezing points of — 

Antimony 186 

Sodium chloride 187 

Zinc 185 

Friction tests of — 

Bronzes 89 

Hose, pneumatic 114 

Gralvanized iron rings, tensile tests of 127 

Gas check pad covering material, tensile test of 128 

Gun, breecn bushings from 14-inch, model of 1907 Ml, No. 2 132 

Guns, erosion of 207 

Gun forgings, microscopic examination of test specimens from 204 

Hardness and warpage of shrapnel case metal 36 

Hardness of twist druls by shore scleroscope 129 

Heating and cooling curves of various grades of steel — , 188-202 

Heat treatment of nickel- vanadium steel, experiments on 146 

Hose, pneumatic, tube and friction tests of 114 

Hydrostatic tests of shrapnel cases 12 

Impact: 

Machine. Charpy, test of 136 

Tests of shrapnel case metal , 33 

Iron rings, galvanized, tensile test of 127 

Isthmian Canal, tensile tests of fender chain for lock gates for 68 

Lon£;itudinal vs. tangential test specimens, comparison of 139 

Macnine, Charpy impact, test of 136 

Manila rope, tensile tests of 105 

Miscellaneous - - - 125 

Nickel-chromium steel, critical temperatures of 157 

Nickel- vanadium steel, heat treatment of. experiment on 146 

Panama Canal fender chains, tensile test of 68 
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INDEX. 217 

Paee. 

Pins, crank, Charpy impact tests on 137 

Pneumatic hose, tube, and friction tests of 114 

Private tests 211 

Proof stresses on — 

Piston rods 115 

Sling chains for Watertown Arsenal 76 

Pyrometry 184 

Riesistance of rotating bands 41 

Rings, galvanized iron, tensile tests of 127 

Rope, tensile tests of — 

Manila 105 

Wire 103 

Rubber: 

Covering and foundation, tensile tests of 110 

Tire, detachable, tensile test from Ill 

Shock and tensile tests of shrapnel case metal 33 

Shot lines for United States Life-Saving Service, tensile tests of 108 

Shrapnel cases: 

Hydrostatic tests of 6-inch, 3-inch, and 2.95-inch shrapnel cases 12 

Hydrostatic test of 4.7-inch shrapnel case 31 

ic) Shock and tensile tests of shrapnel case metal 33 

la) Hardness and warpage of shrapnel case metal 36 

(€) Steel for experimental shrapnel cases 39 

Sling chains for Watertown Arsenal, proof stresses applied to 76 

Sodium chloride, curve showing freezing poii^t of : . . . 187 

Springs, compressive tests of 121 

Steel axles and crank pins, Charpy impact tests on 137 

Columns, built I, compressive tests of 63 

Experiments by student oflScers 154 

Nickel-chromium, critical temperatiu^s of 157 

Nickel- vanadium, heat treatment of, experiment on 146 

Tensile tests of specimens of # 126 

United States Navy, tensile tests 126 

Stresses, proof, on piston rods 115 

Student officers' experiments on steel 154 

Tangential v. longitudinal specimens, comparison of 139 

Temperatures, critical, of nickel and chromium steels 157 

Tests, private 211 

Tire, detachable, tensile tests of rubber taken from Ill 

Tube tests of pneumatic hose 1 14 

Twist drills, hardness numbers by shore scleroscope on 129 

United States Life-Saving Service, tensile tests of shot lines for 108 

United States Navy, tensile tests of steel specimens for 126 

Vanadium-nickel steel, experiment on heat treatment of 146 

Velocity-distance curves of rotating bands for projectiles. (See Curves.) 

Warpage and hardness of shrapnel case metal '36 

Wear of bronzes 90 

Wire rope, tensile test of 103 

Zinc, curve showing freezing point of 185 

o 
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